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ABSTRACT

D)mamic positioning of a moving platform is analyzed using data from the

Global Positioning System (GPS) acquired in Phase 11 of the Seafloor Benchmark
Experiment on R,:V Point Sur in August 1986. GPS position determinations are
compared to simultaneous Mini-Ranger fixes.

The GPS positions computed using only broadcast ephemeris data were within
20 m from the Mini-Ranger fixes when data from four satellites were used and within
30 m when data from three satellites and a geoidal height constraint were used. It was
found that the position accuracy is degraded when data from a satellite reaching

culmination is used.
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THESIS DISCLAIMER

The reader is cautioned that computer programs developed in this research may

not have been tested for all cases of interest. While every effort has been made, %%ithin

the time available, to ensure that the programs are free of computational and logical

errors, they cannot be considered validated. Any application of these programs

without additional verification is at the risk of the user.
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I. INTRODUCTION

The Seafloor Benchmark Experiment, a project of the Hydrographic Sciences

Group of the Oceanography Department at the Naval Postgraduate School (NPS), was

initiated in 1984 with a goal to establish stations on the seafloor in real-time with

geodetic accuracy (Saxena, 1982). The first experiment (Phase 1), conducted in May

1985, included a configuration of four benchmarks on the seafloor (Spielvogel et al.,

1987). Further study indicated a sizeable improvement in the positional accuracy of the

inner stations as compared to the accuracy of the outer stations of a larger net

configuration (Kumar and Saxena, 1985). For this reason, during the Phase 11

experiment in August 1986, a nine-station net configuration was used (Kumar, 1986).

Tlnee types of GPS receivers and a Mini-Ranger (MR) Falcon system were used to

determine the position of the RiV Point Sur.

Keeping the goal of establishing and continuing GPS research at NPS, Brown

(1986) established the Texas Instruments 4100 GEOSTAR GPS software, written by

the Naval Surface Weapons Center for their CDC Cyber 865 computer, on the NPS

IBM-3033 computer. Brown was able to validate the modified software using static

position data, but not the KALMN2 program which uses dynamic position data.

The main objective of this thesis is to determine the positions of a dynamic

platform using GPS and to compare them with MR Falcon-determined positions.

Other objectives were to install software for processing the raw data from cassettes to

FIC (Floating-Integer-Character) format, modify the KALMN2 program and validate

it using Phase 1[ data. Programs to plot and analyze the continuous ship positions by

GPS and by MR Falcon were also written.

The data used in this thesis were acquired during Phase It of the Experiment.

The GPS data are limited to those collected by the TI-4100 receiver from NSWC

installed on board of the RV Point Sur. The day chosen for analysis was 16 August

1986, since adequate pitch and roll data are available for that day.

10

4P ~ ','W' ' r I - ,, " , ... ' . ... ..... .



C

II. INSTRUMENTATION

A. POSITIONING SYSTEMS

1. GPS receivers

During the experiment, the following GPS receivers belonging to several

agencies and companies were installed on the R,'V Point Sur:

- TI-4100 receiver from Naval Surface Weapons Centers (NSWC)

- TI-4100 receiver from National Ocean Survey (NOS)

- Eagle Mini-Ranger receiver from Motorola, Inc.
- Trimble 4000A from Trimble Navigation

There were shore based GPS receivers at the following stations:

Beach Lab

- TI-4100 from Pacific Missile Test Center (PMTC)

- Trimble 4000A from Trimble Navigation

Ferrier

- Eagle Mini-Ranger from Motorola Inc.

Dome

- Magnavox Manpack from GPS Joint Program Office.

2. Other positioning System

For navigation and positioning on board were a MR Falcon system from
Motorola, Inc., and a Loran-C receiver.

B. OTHER SYSTEMS

An acoustic positioning system from Oceano Instruments to acquire acoustic

ranges (Kuo,1985) was installed on the RIV Point Sur; it also gives the position of the
ship in relation to the bottom benchmarks (acoustic transponders) and can be

integrated with a satellite receiver for computation of their positions using the GPS
coordinates of the ship's acoustic transducer.

In order to allow for corrections due to the pitch and roll of the ship, there was a

data acquisition system, based on an HP9826 computer, to collect pitch, roll and

heading data every second. Due to interfacing problems there was no possibility of

logging heading data. The ship's Data Acquisition System (SDAS) collected, among
other data, the ship's heading with a sampling period of about 19 s.

11



C. ANTENNAS AND TRANSDUCER POSITIONS
The antenna If the MR Falcon was mounted on the mast of the ship in order to

increase its range. The antenna of the T-4100 from NOS was installed close to the

MR Falcon antenna. All the other GPS antennas were mounted on an elevated
wooden table above the ship's laboratories and close to the transducer position (Figure

2.1).

MR Falcon antenna

Platform with GPS antennas

. . .-.

Acoustic transducer

NoC to scale

Figure 2.1 Relative positions of antennas and transducer.
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III. DATA PROCESSING

A. COORDINATE SYSTEM

1. Parameters
In order to compare the positional accuracies of the TI-4100 GPS receiver

with the Mini-Ranger (MR) Falcon, computations were made in a single coordinate

system.

Although there was a Doppler survey to find the WGS 72 coordinates of all

control stations used, due to the impossibility of setting a station over Dome Ecc, the

site for one of the MR Falcon shore stations, the WGS 72 coordinates of nearby

station Dome, 68 m away, were obtained. During the Phase II experiment, GPS

p ovided coordinates in the WGS 72 system (Bomford, 1980, Sepplin, 1974), although

it converted to WGS 84 on 1 January 1987 (Decker, 1986).

The coordinates of Dome were computed in NAD 27 and then transferred to

Dome Ecc. The coordinates of Dome Ecc were converted from NAD 27 to WGS 72 in

order to compute directly the ship positions in this system, avoiding the problem of

converting each position individually.

The subroutines used for converting geodetic coordinates from WGS 72 to

Universal Transverse Mercator (UTM) and vice-versa wer written in Fortran and are

based on Basic subroutines used by DMA for an HP9826 desktop computer. A cross

check was made which revealed a maximum conversion error of 0.01 m, which is well L

within the accuracy limits of the system and, hence, does not affect the analysis of the

data processed.

The following parameters were used:

WGS72

Semi major axis: 6,378,135 m
Flattening: 1'298.26

UTM projection

Central meridian: 123" 00' 00" W

If this package of subroutines is used for any location other than the area of the

Seafloor Benchmark Phase II. the UTM parameters must be changed in order to get

the correct conversions.

13
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Figure 3. 1 Area of the experiment.

2. Coordinates of stations

The two shore stations were located onl high points along the coast (Figure

3.1). Their locations and coordinates in WGS 72 are as follows:
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Ferrier

Latitude . 36° 33' 53".748 N

Longitude-121 ° 53' 52".939 W

Dome Ecc

Latitude 360 18' 20".897 N
Longitude 1210 54' 00".594 W

The elevations of the different antennas were set in the Mini-Ranger receiver and the

measured slant distances were converted

to appropriate horizontal distances by the receiver system during data acquisition.

B. REDUCTIONS OF POSITIONS TO THE TRANSDUCER

1. Offsets of transducer relative to antennas

Since the two antennas, namely the MR Falcon antenna near the top of the

mast and the TI-4100 antenna on the elevated table above the lab on the RV Point

Sur, were at different locations, a common point had to be chosen to compare both

systems. The acoustic transducer mounted beneath the hull was chosen as a common
point, which was used for f.irther integration with the acoustic data, to compute the

position of the Seafloor Benchmarks.

For data reduction there was a need for pitch, roll and ship's heading data.

While the existing pitch and roll data were sampled with a period of I s. the ship's

heading was sampled with a period of about 19 s. Computed headings were tried to

improve the rate but tests indicated that the real data, even with a low sampling rate
was better than the computed. The method used to compute the heading is described in

Section C.3.
The geometric offsets between the MR Falcon, TI-4100 antenna and the

acoustic underwater transducer were computed using a right-handed coordinate system
centered in each antenna, and having the Y axis oriented towards the bow, the X axis

to starboard and the Z axis towards the zenith. Using this convention, all offsets of
the transducer are negative. Using the formulas developed in the next section, the

corrections for pitch, roll and heading data were computed and applied.
For the MR Falcon positions only horizontal corrections were applied, since

the positions are computed in a two-dimensional system. For the GPS positions the

corrections were applied to all three coordinates.

I



For both types of positions the coordinates are converted to UTM, corrected

and converted bad1 to WGS 72. For the GPS positions the Z correction is applied to

the geoidal height.

The following offsets were measured and computed by Prof. Tucker and Mr

James Cherry, and changed to the above format.

Transducer offsets relative to the GPS antenna

XOFF = -4.268 m

YOFF - -2.955 m

ZOFF - -9.505 m

Transducer offsets relative to the MR FALCON antenna:

XOFF - -5.345 m

YOFF - -9.453 m

ZOFF - -16.152 m

The course was computed in a range 0° to 3600, and the pitch and roll data
were stored in a range -90* to + 900; following this convention the rol is positive when

the port is up and the pitch positive when the bow is down. The sign of roll was
changed to conform with the mathematical model described next.

2. Math model

The method to compute the correction to the coordinates is based on a seven-
parameter transformation described in Moffitt and Mikhail (1980). so successive

rotations of the vector defined by XOFF, YOFF and ZOFF, give the corrections to the
coordinates illustrated in Figure 3.2.

The rotation matrices are defined as follows:

Mp-10 0
0 cos(PITCH) sin(PITCH)

0 -sin(PITCH) cos(PITCH)

Mr  cos(ROLL) 0 -sin(ROLL)
0 1 0

sin(ROLL) 0 cos(ROLL)

16
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Figure 3.2 Rotation of axis.

cos(HEADING) sin(HiEADING) 0
-sil(HEADING) cos(IIEADING) 0

0 0 1

The orientation matrix is defined by the following equation:

Mo  NI p Mr Mh (eqn 3.1)

and the corrections are computed by multiplying the orientation matrix by the offset

vector, to get the following equations:

DX - XOFF cos(ROLL) cos(IIEADING) + (eqn 3.2)

YOFF {cos(PITCH) sin(HEADING) +
sin(PITCH) sin(ROLL) cos(HEADING)) +

ZOFF (sin(PITCH) sin(HEADING) - ,"
cos(PITCII) sin(ROLL) cos(IIEADING))

17
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DY - XOFF cos(ROLL) sin(HEADING) (1.) + (eqn 3.3)

YOFF {tos(PITCH) cos(HEADING) -

sin(PITCH) sin(ROLL) sin(HEADING)} +

ZOFF (sin(PITCH) cos(HEADING) +

cos(PITCH) sin(ROLL) sin(HEADING))

DZ - XOFF sin(ROLL) - (eqn 3.4)

YOFF sin(PITCH) cos(ROLL) +

ZOFF cos(PITCH) cos(ROLL)

C. FALCON MINI-RANGER DATA PROCESSING

1. Error of system

The MR Falcon was used during the cruise for navigation and positioning. In

post-processing it is used to evaluate GPS data. Since the Mini-Ranger is a system

frequently tested and used, its error is known to be * 3 rn (Laurila, 1976: Munson,

1977).
It would be better to have had more than two lines of position (LOP) to allow

a minimization of the error in the computation of the Mini-Ranger position and also

to allow a smoothing of the data in places where the data gets noisy as was seen in

post processing. In Figure 3.3 it is possible to see the areas where the data is noisy and

to see the small jumps characteristic of the system.

2. Antenna positions

For computing the antenna positions the coordinates of the shore stations

were converted to WGS 72 UTM, and then each position was computed in the WGS

72 UTM projection. The subroutine used to compute the positions was picked from

program UCOMPS, a utility package used in the Hydrographic Sciences Group of the

Oceanography Department.

3. Halng Calculation

As mentioned previously, the ship's heading was needed to compute the
transducer's position, but there was no data available with the 1-s periodicity needed.

so headings were calculated from Mini-Ranger data. The calculation of the ship's
headings was made during the computation of the two antenna positions and kept on a

separate file. These computed headings were affected by the pitch and roll of the ship

and also by the noisy data of the Mini-Ranger.

18
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Some trials were made using different running averages for smoothing the

computed heading in order to get a course close to reality. It was found that the

courses obtained, even if filtered by a running average, oscillated and hence were not

suitable for this analysis.

4. Transducer positions

The transducer positions were computed using the model described in

Section B. The pitch and roll data used were sampled with a periodicity of I s most of

the time when there was positioning data. The ship's heading was sampled with a

periodicity of from 19 s to I minute. Although tests were made in order to compute the

heading, as stated in the previous section it was decided to use recorded data,

constraining the analysis to periods of constant course.

5. Programs. Inputs and outputs

During the development of the programs many more routines were written

than mentioned here. In order to make the use of the programs easy, the total number

of pro-,rams to process the MR Falcon data was reduced to four.
A unique format for the different position files was defined, allowing only one

plotting program in which the user must change the title according to the type of

positions plotted.

Program: FALCON

Input: Month, day, year, hcur, minutes, seconds (date time tag),

codel, rangel, strengthl, codel, range2, strength2

Output: Listing with date time tag and geographic positions

File with date time tag and geographic positions
File with date time tag and rough course

Source: See Appendix A

Program: COURSE SMOOTH

Input: File with date time tag and rough course

Output: File with date time tag and smooth course

Listing with date time tag and smooth course

Source: See Appendix B

20
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Program: TRANSDUC FALCON

Input: File date time tag and geographic positions of antenna

Output: File with date time tag and geographic positions of transducer

Optional listing with date time tag and geographic positions

of transducer
Source: See Appendix C

Program: PLOT

Input: File with date time tag and geographic positions

Output: Plot with track of the ship in UTM projection

Source: See Appendix D

All files are in free format, and, if for by any reason a fixed format is needed, the user

should change the programs to get the output desired. The MR Falcon data were

originally on floppy disks in HP9816 format. A program was written in Basic in order
to convert and write the data onto a 9-track magnetic tape. The transfer of data to

mass storage on the NPS IBM mainframe computer and data manipulation were made

using existing procedures for the mainframe (Favorite, 1986; Mar, 1984).

The scale and the area of the plot are fixed for the particular area of the

Benchmark Experiment but may be changed in the program; thus any proportional size

can be obtained by changing the control card as is explained in the manual (W.R.

Church Computer Center, 1981).

As the plot program can be used for plotting the outputs of different

programs, the title should be changed accordingly, leaving the appropriate lines

uncommented. An hour-minute tag is plotted every 5 minutes.

D. GPS DATA PROCESSING

1. Reading the T1-4 100 cassettes
a. System configuration

The data from the TI-4100 receiver is recorded on digital cassettes in a

format not directly compatible with the existing programs at NPS. To read and decode

the data, it was necessary to purchase a MEMTEC cassette terminal (Model 5450XL)

and obtain the appropriate software from the Applied Research Laboratories (ARL) of

the University of Texas at Austin. The MEMTEC cassette reader was connected to an

IBM PC having a hard disk of 20 Mb (Megabytes), a modem and a math co-processor.

21



Preliminary tests made to verify the software and hardware connections of

the tape deck witlt._the IBM PC indicated good results. During the tests it was found

that the format of the final output of this package was not the same as defined

previously by Scott and Peters (1983) but was in a new format, FIC, where each block
is organized in a structured way with control records followed in order by all floating

type data, integer type data and character type data. The first program, CON9TR, a
part of the library installed by Brown (1986) in the SEF (Standard Exchange Format),

was replaced by a new program using the FIC format.

b. Reading cassettes to disk
Each cassette is dumped to disk using the program MFERD. The operation

takes about 20 minutes, and the file created fits on one floppy disk which can be kept

for raw data backup.

c. Converting the data

The binary image of the cassette is then converted to a FIC format file
using the program GS2FIC, which takes about 20 minutes. This format is suitable for
processing in the IBM-PC with appropriate software to be developed.

In order to transfer these files to the main frame or other computer, it is

necessary to run a program FICFICA that converts the FIC files to an ASCII, format
where the data is organized in 80-column records. This operation takes about 30

minutes. and the file created by this program can be dumped to a magnetic tape or

sent to a host computer.

The files created by these two programs cannot be stored on a normal
floppy disk and were erased as soon as the data was on the mass storage of the

mainframe and tested.
d. Transfer to the mainframe

The transfer of the files to the mainframe was done using a micro-computer
connected via modem to the main frame. A terminal emulator distributed by the NPS

Computer Center, SIMPC, simplifies the transfer of files (Simware Inc, 1984).

Each file, corresponding to one cassette, was sent to a disk. This operation
took about 3.5 hours, and sometimes the transfer was stopped in the middle. When this

happened the transfer had to be started from the beginning.

Each file has around 15000 lines and occupies about 65% of an A-disk.
Using an extra disk every file was converted to a job format in order to transfer it to
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mass storage. The data were sent to a member of a partition data set where all

cassettes were stored.

2. Conversioji of formats

After a study of the FIC format, the input of KALMN2 program, and the

program CON9TR, a program was written called CVFICA, which had, after some

debuging and improvements, a final form that fulfilled the needs for processing the

data for this thesis.

CVFICA decodes each FICA block, producing two files and a listing of

warnings and general information. One file contains the data to be processed by the

KALMN2 program and the other has the positions computed by the GESAR software

installed in the receiver.

In the present version of the program the pseudo-ranges and other tracking

information are stored only after the navigational data for the desired number of

satellites is in the output file, since this data is needed to compute the positions in the

Navigational Mode. It is very easy to change this program to process the data using

the precise ephemeris. The program flags as bad the data that belong to a Space

Vehicle (SV) whose data does not correspond to the existing SV identification in that

tracer. The data are also flagged as bad when the status vector has any value other

than zero.

The program is able to convert the following data block types:

101 - GESAR Versions 1.0+ Input data,

3 - GESAR solutions,

6 - Tracking data,

8 - Tracking configuration,

109 - Navigation Message record as transmited,

9 - De-blocked subframes 1-3 from block 109

I I - Receiver error block, , A

13 - Tape header trailor.

According to the CVFICA program any other block is read and dumped to

the listing with a warning saying that the program was not able to handle it. No such

warning was found after using the program with data from 10 cassettes.

The listing also indicates when the navigational data for each satellite is I

received in order to give to the user the status of the constellation of satellites. N
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As this program outputs the GESAR position solutions and the data to the

KALMN2 programn into data set iles, these must be created prior to running the

program.

A control file is used to pass to the program information such as two lines for

the title of the listing and the starting date of the GPS week. The starting date allows

the conversion of the time tag in seconds to a date time tag. The program does not

work with data that crosses the one-week limit.

3. Program information

Program: CVFICA

Input: FICA files without the first two comment lines

Control file with the title and starting date of GPS week
(Appendix J)

Output: File with GESAR solutions
File in NSWC format (input to KALMN program)

Listing with warnings and general information

Source: See Appendix E

4. Computation of positions

a. Problems found

When starting to use the Kalman filter program (Brown, 1986) for

processing the GPS data some difficulties were encountered, either due to the

replacement of the CON9TR program by an equivalent one or by errors existing in the

program KALMN2. The first problems were caused by the different units used in the

ARL and NSWC software which were a consequence of the lack of documentation

during the development of the program CVFICA; these problems were easily found

and solved. The last problems took a long time to find, not only due to the complexity

of the program, but also due to the nonexistence of processed data to check the results.

A big effort was made in order to correct all errors, but only when two cassettes were

sent to NSWC and processed there were all errors removed from the processing. It was

found that the last two major errors were due to causes external to the KALMN2

program, one an error in the ARL software that affected the ambient temperature by a

factor of 10 and caused an excessive tropospheric correction and the other a bad

constant in the control file of the KALMN2 program.
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b. Changes made

In addition to the corrections, some changes were made to improve the

outputs. Now the program prints a date time tag just prior to all outputs labeled with

time tag in seconds of GPS week. A title is printed as a header of the output listing.

Other small changes were made to improve the code. All changes were made carefully,

and the programs were throughly tested.

c. Data processing

After inserting data from ten TI-4100 cassettes into the mass storage, a

control file for the KALMN2 program was made (Brown, 1986). For an initial

approximate position, the position of the receiver based on the GESAR solutions with

the time tag closest to the starting time was used for the data processing. For the

receiver time bias, an iterative procedure was used; thus, the data were processed using

a value, starting with zero, that was replaced by one listed in the outputs of the

KALMN2 program when the computed positions were close to the predicted ones.

Due to the good initial results of the test runs with certain satellite

configurations, further tests were investigated for the different types of solutions.

The value of -37 m was used as geoidal height in order to constrain the

positions to the geoid when using data from less than four satellites or when forced by

the control file. This value was obtained by interpolation on a chart (Blaha et al., 1986)

and corrected for the antenna height above sea level, giving a corrected value of -31 m.

The control file was set up in such a way as to save the positions on another file. The

broadcast ephemeris was used, as the precise ephemeris was not available when the

data were processed.

d. Math model

To compute position, the program uses the pseudo-ranges corrected for the

various factors affecting them and an eight-state Kalman filter (Brown, 1986).
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e. Program information

Program: cKALMN2

Input: File in NSWC format produced by the program CVFICA

Control file as defined by Brown (1986)(Appendix I)

Control file with the title and starting date of GPS week

Output: Listing with positions, errors and other information

as selected by the control file

File with time tag in seconds of GPS week, X, Y, Z
and Lat, Lon, HT, both in WGS 72

and the number of satellites used in the solution

Optional file with time tag
and Geometric Dilution of Precision (GDOP) every minute

5. Transducer positions.

a. Procedure

The positions of the transducer were computed using an algorithm similar

to the one used with the MR Falcon data. The only difference is that the GPS

positions are three-dimensional, so the corrections for all dimensions were computed

and applied.

The offsets between the transducer and the antenna and also the format of

the input files were different. The program uses the same control file as the program

CVFICA in order to compute the date time tag of each position.

b. Program information

Program: TRANSDUC GPS

Input: File with time tag in seconds and WGS 72 coordinates

Control file with the title and starting date of GPS week

Output: File with date, time tag, latitude, longitude and ellipsoid height

Optional listing with above information

Source: See Appendix F
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6. Plots

It is possible to plot the track of the ship using either the GESAR solutions or

the transducer positions as described before in Section C.5. Track plotting was done in

order to give the GPS data coverage and data status. The program to plot is the same

one used to plot the positions computed from the MR Falcon data but with the

appropriate title (Figure 3.4).
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Figure 3.4 Plot of ship's track using TI-4 100 data.
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IV. DATA ANALYSIS

A. COMPUTATION OF DIFFERENCES

1 . Approach
To find the accuracy of the GPS positions in a two-dimensional coordinate

system, the observed positions in WGS 72 coordinates are transformed to LUTM

coordinates and compared with the UTM coordinates of the corresponding MR Falcon

positions interpolated for the same time tag. The differences in the coordinates of

Mini-Ranger and GPS positions are expressed in meters.

Due to the low sampling rate of the existing course data, only data from

steady, straight courses were used for analysis. The data were divided into eleven
periods of constant headings, while the data collected during the turns of the ship were

deleted. This procedure made it possible to analyze the differences between GPS and

Mini-Ranger data during the different courses.

Due to unexpected small differences found for positions computed using data

from three satellites, several tests were made using various combinations of solutions.

Although for data analysis many combinations were studied, three representative cases

are discussed.

Different starting times during processing of the GPS data using the

KALMN2 program were used in order to see the effects of the propagation of errors
due to the initial noisy data, but the discrepancies were inconsistent. The term "~noisy

data" is used to refer to the oscillatory behavior resulting from the Kalman filher when

the number of satellites changes from three to four or vice versa. The effiect of ship's

motion on the transfer of antenna positions to two chosen common points, i.e. the

acoustic transducer and the GPS antenna, was found to be 0.2 mn, which falls within
the accuracy limi~ts of GPS and hence is considered negligible for this study.

2. Case studies

The following cases were analyzed:

Case A: Data from four satellites were used or data from only three available

satelites, and geoidal height constraint for position computation were

used.
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Case B: Same as case A but using the geoidal height constraint when both

tflree or four satellites were used.

Case C: Same as B but not using data from SVI 1.

3. Differences obtained
a. Period 1. 19.14 to 19:.20 (Cases A and B)

TABLE 1
PERIOD 1. CASES A AND B.

DIFFERENCES BETWEEN GPS AND MINI-RANGER POSITIONS I

Avg RangesirM) x

pos Svs A B A B
179 6,8.11 26 26 24-32 24-32
80 6,8911 24 30 21-31 29-31

1 6,8:11 27 30 27-27 30-30
1 6,8.9.11 34 42 34-34 42-42 *
1 6.8.11 34 42 34-34 42-42

23 6.8,9.11 27 31 25-29 30-33
1 6,8,11 28 31 28-28 31-31

74 6,8,9.11 23 30 20-30 28-32
* noisy data o

Case A - usin four satellites, or
.our satellites with geoidal hei ht constraint

Case B - geoidal height constraint in case A

pos - number of consecutive positions computed every second

During the first part of this period, all positions were computed using data

from three satellites. In both cases (Table 1) the differences found are in the same

range, 24 to 32 m. For the next 80 positions, computed using data from four satellites,

Case A lead to values lower than in Case B. The upper limit of the ranges in cases. 31

m, is due to the initial oscillation from the Kalman filter.

The next part of the period is one of noisy data, i.e. changes from four
satellites to three and vice-versa. In both cases the positional accuracy is degraded,

giving larger differences between GPS and Mini-Ranger positions.

At the end of the period, with continuous data from four satellites and with

the exception of one position, the differences are low, reaching 20 m in Case A and 28

m in Case B.
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It was found that the use of geoidal height as a constraint for position

computations witb data from four satellites degrades the computed position. The

reason for this is explained in Section 4.B. Noisy data causes oscillations in the

observed differences which are due to the Kalman filter.

TABLE 2

SATELLITE VISIBILITY
16 AUGUST 1986

SV6 SV8 SV9 SVII SV13

Time El Az El Az El Az El Az El Az

19:00 59 2 51 55 24 315 57 156 .. ..

19:20 63 21 44 44 32 321 67 147 6 198

19:40 66 45 36 38 39 328 75 124 15 200

20:00 66 72 28 34 48 335 77 78 24 203

20:20 62 96 19 33 57 342 71 74 33 208

20:40 56 115 11 34 67 350 62 36 43 214

The offset of the GPS positions in relation to the MR Falcon positions is
in a southeasterly direction (Figure 4.1 on page 40). Also the ship's course is close to

the azimuth of SV9 (Table 2), which must be the reason for the successive tracking

losses. The GPS antenna is in the shadow of the ship's mast when the satellite is low.

b. Period 2. 19:20 to 19:25 (Cases A and B)
All positions were computed using data from four satellites. There is a nine-

second interruption of data in the beginning of the period corresponding to the time

needed to change tapes in the receiver during logging.

In Case A the differences range from 17 to 26 m (Table 3). The maximum
value was found in the first position after the lack of data. Most of the difference; are

around 19 m. In Case B the differences range from 23 to 38 m. The minimum value is

found after the gap in data. Most of the differences are around 29 m. Visual
comparison is possible by referring to Figures 4.2 and 4.3. As before the offset of the

GPS positions is in the southeasterly direction.
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TABLE 3

PERIOD 2. CASES A AND B.
DIFFERENCES BETWEEN GPS AND MINI-RANGER POSITIONS

Ranges~m)Avg m..v-ax
pos SVs A B A B

295 6,8,9,11 19 29 17-26 23-38
Case A - using four satellites, or

.our satellites with geoidal height constraint
Case B - geoidal height constraint in Case A
pos - number of consecutive positions computed every second

c. Period 3. 19.25 to 19.30 ( Cases A and B)

TABLE 4
PERIOD 3. CASES A AND B.

DIFFERENCES BETWEEN GPS AND MINI-RANGER POSITIONS

Ranges(m)
Avg min.-Max

pos Svs A B A B

112 6,8,911 18 30 17-19 29-31
1 6,8:1 18 32 18-18 32-32 *
1 6,8,9 11 13 2S 13-13 28-28 *
9 6,8,11 30 31 17-37 28-33 *118 6,8911 26 33 24-37 32-3611 6.8,1 ,-6 36 1-9 35-37 *

4 6,8,911 39 37 36-43 37-38 *
3 6,8,11 37 38 37-37 38-38 *

•noisy data

Case A - using four satellites, or
tee satellites with geoidal height constraint

Case B - geoidal height constraint in Case A
pos - number of consecutive positions computed every second

This period is characterized by having noise in different parts of the data
and shows great variation in the differences. In Case A, at the beginning of the period
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the average differences are 18 m, after the first period of noisy data they reach values

of 26 m, and at tl~e end of the period the differences are up to 46 m. In Case B at the

begining of the period the average differences are 30 m. This values changes to 33 m

after the noisy data, and at end of the period the differences are up to 38 m. It is

possible to distinguish the oscillation in the positions due to noisy data, much more

emphasised in Case A than in Case B (Figures 4.4 and 4.5). The offset of the GPS
positions is as before in the southeasterly direction.

The successive periods lacking data from one satellite are as before due to

SV9, which is still in an azimuth close to the ship's course. The fact that use of geoidal P

height as a constraint with data from four satellites for computation of positions does
not improve the solution is evident in Table 4.

d. Period 4. 19:30 to 19:.35 (Cases A and B)

TABLE 5

PERIOD 4, CASES A AND B.
DIFFERENCES BETWEEN GPS AND MINI-RANGER POSITIONS

Avg Ranges m) .Max
pos SVs A B A B

7 6,8,11 38 38 38-40 38-39
40 68,9 11 31 35 29-40 34-39
7 68.11  41 38 32-43 37-39 *
1 6*89 11 38 37 38-38 37-37 *
1 6,8:1l 38 38 38-38 38-38 *

49 689.11 30 35 27-38 33-39
10 6.8:11 40 37 31-44 35-38 *

130 6.8,9 11 31 38 28-41 37-40
1 6,1,11 34 38 34-34 38-38 *

11 6,8.911 33 39 29-38 36-45*
9 6.8,1 41 38 33-46 36-40 *
2 6,8,9 11 39 37 3-140 37-38 *
1 6,8,1) 38 38 31-38 38-38 *

81 6,89,11 38 41 35-44 40-45
• noisy data

Case A - using four satellites, or
three satellites with geoidal height constraint

Case B - geoidal height constraintin Case A

pos - number of consecutive positions computed every second
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This period is characterized by successive changes in the number of

satellites used in the computation of positions; the differences are larger than observed

in the previous periods.Successive losses of lock on SV9 were the cause for this. In

Case A (Figure 4.6) it is possible to see the oscillations of the computed positions when

the data are noisy. Improvement in the solutions is seen (Table 5) when we change

from three to four satellites; the average differences go from 41 m to 30 m, becoming

higher values when only three satellites are available.
In Case B the differences have higher values than in Case A, but the ranges

are smaller due to the smaller, noisy oscillations. As before the noisy is caused by the

loss of lock on SV9, and the offset in the GPS positions is in the southeasterly

direction from the Mini-Ranger positions.

e. Period 5. 19:35 to 1940 (Cases A and B)

This period has the noisiest data processed, so the differences have greater

spread. Although the range between differences is wide, 20 to 68 m in Case A and 29
to 67 m in Case B, the differences are mostly smaller in Case A than in Case B.

In Figure 4.7 we see successive jumps frorr three satellites to four and vice
versa. The GPS positions are south and east of the Mini-Ranger positions. The

differences in the northings are almost double of the ones observed in the castings.

The reason for the frequent changes in the number of satellites used is the relatively

low altitude of SV9 and an azimuth close to ship's heading, which together with the

pitch and roll led frequently to shadowing of the TI-4100 antenna.
f. Period 6. 19:47 to 19.53 (Cases A, B and C)

This period is characterized also by noisy data, but it is for a different

reason. Here data from SV8 is rejected during the phase of smoothing it with Doppler
data. The observed roll is higher than in previous periods, caused perhaps by the

almost 90 change in course. As Table 2 shows, SV8 is setting, having a lower

elevation than any other satellite used during this period.

There are no significant differences between Cases A and B, and average

differences range from 26 to 30 m. In Case C we see that even lowering the number of

satellites to two or three and using the geoidal height as a constraint, smaller

differences are obtained than the ones computed with data from SVI I (Table 6). The

offset in the positions has no relation to the course of the ship, i.e. it is still in the

southeasterly direction, and a small or no time lag exists between the data of the two

systems (Figure 4.8).
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TABLE 6

PERIOD 6, CASES A, B AND C.
DIFFERENCES BETWEEN GPS AND MINI-RANGER POSITIONS

Ranges(m)
Avg Min-Max

pos SVs A B C A B C
16 8,9 1113 28 29 29 28-29 28-30 28-30
1 9"11 D 9 1 27.27 29-29 28-28 *
3 8:9.1 13 29 28-29 29-30 28-29 "
1 9,11I 13 2 8 26 27-27 28-28 26-26 *
4 8,9 .'113 28 28 26 27-28 27-30 25-27 *9 9.1 l 1  28 28 26 28-28 28-28 26-26 *

4 ,9 11 13 27 28 26 26-29 16-30 24-28
1 9.11l 1 27 28 26 27-27 28-28 26-26

35 8,9 f 13 29 30 30 27-32 28-33 27-33
1 9,11 13 28 29 28 28-28 29-29 28-28 *

17 8,9 1 13 29 9 228-30 8-30 27-30
1 9,11 1 28 29 27 28-28 9 7.27 *

20 8 ,913 29 29 28-31 8-31 6-32
1 9.111 28 29 27 28-28 29-29 27-27 *

162 8:9. 1 13 28 29 27 26-31 27-31 24-31
1 9,11 1 28 30 27 28-28 30-30 27-27 *
1 8,'9f 1 13 29 30 24 29-29 30-30 28-28 *-,7 27-27

9,I2 27-27 29-29 27-27 *
1 8,9 3 29 30 28 29-29 30-30 28-28 *
I 9 11 27 28 25 27-27 28-28 25-25 *
5 8,9, 1 13 27 27 21 26-27 26-27 20-23 *
1 9I 1'-, 27 28 24 27-27 28-28 24-24 *

2 913 29 30 27 29-30 29-31 20-21 *
1 26 27 23 26-26 27-27 23-23 *

6 8,9,11,13 26 26 21 26-28 25-28 20-24

noisy data

Case A - usinug r satellites, or
.e satellites with goidal height constraint

Case B - geoidal height constraint in Case A
Case C - lgnorn$ SV I I but constrainingSwqtn geoidal.neigat ..
pos - number o consecuve positions computed every second

g. Period 7. 19:.57 to 2005 (Cases A, B and C)
In Case B there is an improvement in the positions in relation to Case A. If

we refer to previous periods, we see that what is happening is the reverse of what was
happening there, i.e. the use of the geoidal height in positions computed using data

from four satellites improves the solution. As before, we see that noisy data causes an
oscillation in the observed differences but with small amplitudes. Noteworthy are the

highly improved positions indicated by a 13-m difference (Table 7).
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TABLE 7

PERIOD 7, CASES A, B AND C
DIFFERENCES BETWEEN GPS AND MINI-RANGER POSITIONS

Ranges(m)Av Mim-Max
pos SVs A B C A B C

1 8,91113 25 23 21 20-27 19-25 17-23
1 8,11 1 24 23 20 24-24 23-23 20-20 *

22 8'9 1 13 22 20 18 20-24 18-22 16-20
1 8,11. 1 22 21 18 22-22 21-21 18-18 *

17 8'9 I1 13 22 21 18 20-25 19-23 17-21
1 8,I1 1 23 22 19 23-23 22-22 19-19 *

12 8,9,11 13 22 20 17 21-22 19-21 17-21
I1 8,11.13 19 19 16 19-19 19-19 16-16 *

72 89 1113 20 18 16 18-22 17-19 13-18
1 8,11 13 19 19 16 19-19 19-19 16-16 *

13 8'9 11 13 19 18 14 17-20 17-19 13-16
1 8,1D 13 18 17 14 18-18 17-17 14-14 *

81 8,9.11 13 21 19 16 19-26 17-24 14-21
1 9,11 1B 17 17 14 17-17 17-17 14-14 *

35 8.9.11 13 20 18 16 19-22 16-20 13-18
1 9.11 1 17 16 13 17-17 16-16 13-13 *
2 8,9 1 13 29 25 23 28-29 25-26 22-23 *
1 9,11iD 27 24 21 27-27 24-24 21-21 *

27 8,9,11,13 25 23 21 18-36 17-34 15-31
• noisy data

Case A - using four satellites, or
three satellites with geoidal height constraint

Case B - geoidal height constraitif in Case A
Case C - ignori.n$ SVI 1 but constraining

witn geoidal hei ht
pos - number of consecutive positions computed every second

The GPS positions are also south and east of the MR Falcon positions, but

the fact of ignoring SVI I causes a decrease in the differences in easting (Figure 4.8).

h. Period 8. 20:07 to 20:13 (Cases A, B and C)

During this period all differences in all cases are smaller than 21 m (Table

8). The higher values are obtained after the computation of a position using fewer

than four sateiiites in Cases A and B, and three satellites in Case C, and are due to the

oscillation caused by the Kalman filter. Table 8 shows that constraining the positions

computed using data from four satellites improves the solution; the minimum difference

reaches only 10 m. Also, ignoring SVI I causes a reduction of the differences, mainly in

the easting, and we see that the differences are smaller than in the other cases (Table

8). Figures 4.10 and 4.11 show the improvement in the positions when SVII is

ignored.
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TABLE 8

PERIOD 8, CASES A, B AND C.
DIFFERENCES BETWEEN GPS AND MINI-RANGER POSITIONS

Ranges(m)
Avg Min-Max

pos SVs A B C A B C

37 8,9.11 13 19 19 14 19-21 16-18 13-15
! 8.11.13 18 17 14 18-18 17-17 14-14 *

153 8,91113 20 17 15 17-21 16-19 12-17
1 8.'11 17 17 13 17-17 17-17 13-13 *

28 8,9.f 13 20 17 15 19-21 16-19 13-16
1 8,11 1B 17 17 13 17-17 17-17 13-13 *

142 89,fI1,13 19 16 12 17-20 15-17 10-14
• noisy data

Case A - usintfour satellites, or
Cas B t ree satellites with geoidal height constraint

Case B -geoida he *ht constraint i. Case A
Case C -ignoring Sv VI but constraining

wit i geoidal.height .
pos - number of consecutive positions computed every second

i. Period 9. 20.13 to 20.20 (Cases A, B and C)

TABLE 9
PERIOD 9, CASES A, B AND C.

DIFFERENCES BETWEEN GPS AND MINI-RANGER POSITIONS

Ranges(m)Avg Min-.Max
pos SVs A B C A B C
391 8,9,11,13 20 17 13 19-22 15-18 11-14

I no data 18 15 11 18-18 15-15 11-11
31 8,9,11,13 20 15 11 18-21 15-16 10-11

noisy data

Case A - using four satellites, or
three satellites with geoidal height constraint

Case ] - geoidal hei ht constraint In Case A
Case C - ignoriMg SVI I but constraining

wan geoidal .height
pos - number of consecutive positions computed every second
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The differences found during this period are similar to the ones obtained in
period 8. Table 9 fndicates that the differences in all cases are correlated as before. The
oscillations are due to the noise in the data from the MR Falcon and aot to the GPS
positions, which define a smooth and continuous course (Figure 4.12).

j. Period 10. 20:20 to 20:.25 (Cases A, B and C)

TABLE 10
PERIOD 10, CASES A, B AND C.

DIFFERENCES BETWEEN GPS AND MINI-RANGER POSITIONS

Avg Ranges(m) Min-Max
pos SVs A B C A B C

9 8,9,11,13 20 16 11 19-21 14-16 9-11
88 8,9,13 11 I1 11 10-17 10-15 10-12

206 6,8,9,13 25 25 24 15-26 15-26 15-26

Case A - using four satellites, or
ree satellites with geoidal height constraintCase B - geoidal height constraint in Case A

Case C - ignoring SVII but constraining
witn geoidat heightt

pos - number of consecutive positions computed every second

During the first tests, the differences were smaller when the positions where
computed from three satellites, SV II excluded and the ship constrained to the geoidal
height, than the ones using four satellites, SVII or SV6 included. This happened
because during data acquisition SV6 was selected to replace SVII, and while the
receiver was not locked on the SV6, only data collected from three satellites was good

(Figure 4.13).

In Case B (Figure 4.14 or Table 10) constraint of the position to the
geoidal height improves the solution where SVII is used. In Case C (Figure 4.15) we
notice a reduction in the differences in the positions where data from SV 1 was used.
When SV6 replaces SVII, in all cases the differences are larger but of same

approximate magnitude.
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k. Period 11. 20:30 to 20:37 (Cases A, B and C)

TABLE 11

PERIOD 11, CASES A, B AND C.
DIFFERENCES BETWEEN GPS AND MINI-RANGER POSITIONS

Ranges(m)Av Min-Max

pos SVs A B C A B C

130 6,8913 35 38 38 35-36 37-39 37-39
287 8,9:13 36 36 36 30-37 30-38 30-38

Case A - usingfour satellites, or

three satellites with geoidal height constraint
Case B - geoidal height constraint in Case A
Case C - ignoring SVI 1 but constraining

witn geoidal height.
pos - number of consecutive positions computed every second

The initial positions were computed using data from four satellites, and

after 20h32m10.7s the receiver started to track SVI2 in place of SV8, but no broadcast

ephemeris data were received during this period. The differences computed using data

from three satellites are the same in all cases, but those computed using data from four

satellites have different values. Thus in Case A the differences are smaller than in Cases

B and C, where the positions are constrained to the geoidal height (Table 11). In all

cases the differences in eastings are larger than in northings, contrary to what was

happening before; this offset is similar for the other two cases (Figure 4.16).
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SERFLOOR BENCHMRRK EXPERIMENT
PHASE I1

16 AUGUST 1986
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so.._ g __ _2§o 500s

METERS

Figure 4.1 Period I (Case A). Using all available satellites.
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SEAFLOOR BENCHMARK~ EXPERIMENT
PHASE I I

16 AUGUST 1986
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Figure 4.2 Period 2 (Case A). Using all available satellites.



SERFLOOR BENCHMARK EXPERIMENT
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16 AUGUST 1986

1025

1925

192 

23

1923

1922

1922

1921

1921

Satellites used: 1920

SV6, SV8, SV9, SVll 1920

+Mf F7LCON TRANOUCER POSITI6NS
WGPS TRAIECR POSITIONS

Figure 4.3 Period 2 (Case B). Constraining to geoidal height.
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Figure 4.4 Period 3 (Case A). Using aLl available satellites.
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SEAFLOOR BENCiMARK EXPERIMENT
PHASE 1 1

16 AUGUST 1986
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Figure 4.5 Period 3 (Case B). Constraining to geoidal height.
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Figure 4.6 Period 4 (Case A). Using all available satellites.
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SERFLLc1R UEtlCHMRK EXPEHIMENI
PHRSE I1

16 AUGUST 1986
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Figure 4.7 Period 5 (Case A). Using all available satellites.
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SEAF(.6R BEtUCIMlRf, K EXPERIHENT
PHASE I I

16 A uGUST 1986

loll?

+HM FALCON rAtNouCtR PMITIONS Satellites used:
9r.ps I PANCUCER POSIIIONS SV8, SV9, SVI3
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Figure 4.8 Period 6 (Case C). Ignoring SVI I.
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SE:FLOOR BENCHMHFIK EXPFA[MENT
PHRSE 11
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Figure 4. 9 Period 7 (Case B). Constraining to geoidal height.
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SERFLOOR BENCHMRRK EXPERIMENT
PHASE I I

16 RUGUST 1986
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Figure 4.10 Period S (Case B). Constraining to geoidal height.
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SERFLOOR BENCHM4AnK EXPERIMENT
PHARSE (I
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Figure 4.11 Period 8 (Case C). Ignoring SVi.
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SERFLOOR 8ENCHMARK EXPERIMENT
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Figure 4.13 Period 10 (Case A). Using all available satellites.
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SEIFLOOR BENCHMRBK EXPERIMENT
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Figure 4.14 Period 10 (Case B). Constraining to geoidal height.
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Figure 4.15 Period 10 (Case C). Ignoring SVi 1.
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Figure 4.16 Period I I (Case A). Using all available satellites.
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4. Programs. Inputs and outputs

Two proj~ams written for data analysis are summarized below:

Program: COMPARE POSITION

Input: Control file with period limits (Appendix K)

File with MR Falcon positions

File with GPS positions
Output: Listing with date, time tag, and GPS geographic positions

and differences in UTM coordinates

Source: See Appendix G

*Program: COMPARE PLOT

Input: Control file with period limits (Appendix K)

File with MR Falcon positions

File with GPS positions

Output: Plots of tracks using GPS and MR Falcon data

Source: See Appendix H

B. CONCLUSIONS
The results of the data analysis using four satellites with the broadcast ephemeris

indicate that the real-time positioning by GPS of a dynamic platform, e.g. a ship, under

the best conditions is within 15 m but in most cases 20 m.

Using data from three satellites and constraining the solution to the geoidal

height, positional accuracies are within 20 m under the best conditions and 30 m in

most of the cases.
It was found that the GPS positions were always southeasterly of the Mini-

Ranger positions. Due to lack of sufficient data and due to time limitations, correlation
between the geometry of the satellites and ship's heading could not be investigated.

The accuracy of the positions is correlated with the relative motion of the

satellites; this was found when SVII was ignored as in Case C, which improved the

solution. If the variations in azimuth and elevation of all satellites are compared for all

periods the data was processed, SVs 6 and 11 have variations larger than 110 degrees.
while SVs 8, 9 and 13 have variations in azimuth smaller than 35 degrees (Table 2). It
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can be seen that both SVs 6 and II reach their culmination during the period the data

is analyzed. SV6 r.aches its culmination around 20:15 and SVI I around 19:50.

When SVI 1-is ap roaching culmination, the solution is not improved when the

position is constrained to the geoid; after culmination however, application of the

constraint improves the solution (Tables 12, 13 and 14).

The degradation in the accuracy of the GPS positions using either SV6 or SVI I

is evident in Table 15 where the differences found in these situations are bigger than for

positions computed without data from them. It is evident that even in Case C when

SV6, with the same characteristics as SVI I, is used to compute the position, the

differences become larger.

There are some theoretical studies (Landau, 1986) about the selection of satellite

configuration in order to get the best results for computed positions. However, with

the present data it is not possible to select a best combination, since the data

acquisition was limited to a small observational period and a small number of satellites.

Currently a way of measuring the effect of the geometry of the satellite configuration is

through the analysis of the geometric dilution of precision (GDOP) parameters. These

parameters include the position dilution of precision (PDOP), reflecting the dilution of

precision in three dimensions, the the horizontal dilution of precision (HDOP).

reflecting the dilution of precision in two dimensions, the the vertical dilution of

precision (VDOP), reflecting the dilution of precision in the vertical dimension, and the

time dilution of precision (TDOP), reflecting the dilution of precision in time (Milliken

and Zoller, 1980). Thus, a low PDOP provides a good geometric configuration. Table

16 lists the observed satellites and their GDOP parameters.

It was found that the position of the antenna is important, and in the case of the

NSWC TI-4100 receiver some error was caused by shadowing due to the ship's mast

when the azimuth of the satellites was close to the course of the ship.

The positions used for comparison with the GPS positions are themselves

affected by the noisy signal of the MR Falcon positioning system. This problem could

be reduced if more than two LOPs were used in the computation of positions.

5,
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TABLE 12

MR FALCON POSITIONS VERSUS GPS POSITIONS.
OBSERVED DIFFERENCES IN METERS DURING PERIOD 3

Time Case A Case B Case C

H M S DX DY DP DX DY DP DX DY DP

19 25 0.7 8 -18 19 II -29 31 .. .. ..

19 25 5.7 8 -17 19 12 -27 30 .. .. ..

19 25 10.7 9 -15 18 12 -27 29 .. .. ..

19 25 15.7 8 -17 19 12 -28 30 .. .. .

19 25 20.7 9 -16 18 12 -27 30 .. .. ..

19 25 25.7 9 -16 18 12 -27 30 .. .. ..

19 25 30.7 9 -15 18 12 -27 29 .. .. .

19 25 35.7 9 -16 19 12 -27 30 .. .. ..

19 25 40.7 10 -15 18 13 -26 29 .. .. ..

19 25 45.7 10 -16 18 13 -26 30 .. .. ..

DX, DY differences in the UTM coordinates
DP derived position difference from DX and DY

Case A - using four satellites, or
three satellites with geoidal.hei ght constraint

Case B. geoidal height constraint in Case A
Case C - no data duing this period
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TABLE 13

MR FALCON POSITIONS VERSUS GPS POSITIONS.
OBSERVED DIFFERENCES IN METERS DURING PERIOD 6

Time Case A Case B Case C

H M S DX DY DP DX DY DP DX DY DP

19 52 40.7 17 -22 28 19 -22 29 16 -21 26

19 52 41.7 16 -24 28 18 -23 29 15 -22 27

19 52 42.7 16 -24 29 18 -23 30 16 -22 27

19 52 43.7 17 -22 28 19 -23 30 16 -22 27

19 52 44.7 15 -24 29 16 -25 30 14 -24 28

19 52 45.7 16 -21 27 18 -22 29 15 -21 26

19 52 46.7 10 -27 29 12 -28 30 8 -27 28

19 52 47.7 14 -23 27 15 -24 28 8 -23 25

19 52 48.7 14 -23 27 15 -23 27 9 -20 22

19 52 49.7 15 -22 26 16 -21 26 10 -18 21

19 52 50.7 17 -20 26 18 -19 26 12 -16 20

19 52 51.7 18 -20 27 19 -19 27 14 -17 21

19 52 52.7 19 -19 27 20 -19 27 15 -17 23

19 52 53.7 19 -19 27 20 -19 28 16 -18 24

19 52 54.7 13 -27 30 13 -27 31 10 -26 28

19 52 55.7 12 -26 29 13 -26 29 9 -25 26

DX. DY differences in the UTM coordinates
DP derived position difference from DX and DY

Case A - using four satellites, or
three satellites with gecidal .hei~t constraint

Case - geoidal height constraint in Case A
Case C-ignoring SV II but constraining with

geoidal height
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TABLE 14

MR FALCON POSITIONS VERSUS GPS POSITIONS.
OBSERVED DIFFERENCES IN METERS DURING PERIOD 8

Time Case A Case B Case C

H M S DX DY DP DX DY DP DX DY DP

20 7 0.7 11 -15 19 9 -14 17 5 -13 14

20 7 20.7 10 -17 20 8 -15 17 4 -14 14

20 7 40.7 10 -15 18 9 -14 17 4 -12 13

20 8 0.7 9 -18 20 7 -17 18 4 -16 16

20 8 20.7 10 -17 20 8 -16 17 5 -14 15

20 8 40.7 10 -17 20 8 -16 17 4 -14 15

20 9 0.7 11 -17 20 8 -15 17 5 -14 15

20 9 20.7 11 -17 20 8 -15 17 5 -14 14

20 9 40.7 11 -17 20 8 -15 17 5 -14 14

20 10 0.7 11 -15 19 9 -14 16 5 -12 13

20 10 20.7 9 -17 19 8 -16 17 5 -14 15

20 10 40.7 11 -17 17 9 -14 16 5 -12 12

20 11 0.7 11 16 20 8 -15 17 4 -13 13

20 11 20.7 12 -16 20 9 -14 17 4 -13 13

20 11 40.7 12 -16 19 8 -14 16 4 -12 13

20 12 0.7 12 -15 19 9 -13 16 4 -11 12

DX, DY differences in the UTM coordinates
DP derived position difference from DX and DY

Case A - using four satellites, or
three satellites with geoidal .hei ht constraint

Case B - geoidal hei ht constraint ixn Case A
Case C - ignoring S11 I but constraining with

geoidal height
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TABLE 15

MR FALCON POSITIONS VERSUS GPS POSITIONS.
OBSERVED DIFFERENCES IN METERS DURING PERIOD 10

Time Case A Case B Case C

H M S DX DY DP DX DY DP DX DY DP

20 20 7.7 14 -15 20 9 -13 15 4 -10 11

20 20 8.7 14 -15 20 9 -13 15 4 -10 11

20 20 9.7 11 -13 17 8 -12 15 4 -10 11

20 20 10.7 9 -13 15 7 -13 14 3 -11 11

20 20 11.7 8 -12 14 7 -12 14 3 -10 11

20 20 12.7 7 -12 13 6 -12 13 3 -10 11

20 20 44.7 4 -10 10 4 -10 10 4 -10 10

20 20 46.7 4 -10 10 4 -10 10 4 -10 10

20 20 47.7 3 -11 11 3 -11 11 3 -11 11

20 21 35.7 3 -10 11 3 -10 11 3 -10 10

20 21 36.7 3 -10 II 3 -10 11 3 -10 11

20 21 37.7 8 -13 15 8 -13 15 8 -13 15

20 21 38.7 10 -14 18 10 -14 18 10 -14 IS

20 21 39.7 12 -15 19 12 -15 20 12 -15 20

20 21 40.7 13 -16 21 13 -16 20 13 -16 21

DX, DY differences in the UTM coordinates
DP derived position difference from DX and DY

Case A - using four satellites, or
three satellites with geoidal height constraint

Case B geoidal height con-straint in Case A
Case C - ignoring Si I1 but constraining with

geoidal height
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TABLE 16
PREDICTED GOOP PARAMETERS

16 AUGUST 1986

Time SV set GDOP PDOP HDOP VDOP TDOP
19:00 6 8 9 11 6.90 5.75 2.47 5.19 3.82

19:20 6 8 9 11 7.61 6.30 2.65 5.72 4.47
19:40 8 9 11 13 3.37 3.01 1.97 2.27 1.53
20:20 8 9 11 13 3.86 3.53 2.75 2.22 1.55

6 8 9 13 3.33 2.94 1.88 2.25 1.58
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V. RECOMMENDATIONS

GPS data from other days of the Phase II cruise should be used with the

modified programs discussed here to further check our conclusions.
Tests should be made in order to find the reason for offsets in a southeaster!y

direction and evaluate their correlation, if any, with the geometry of the satellites used.
To test the conclusion that the accuracy depends on the large variatlons of the

azimuth of the satellites. SVs other than SV6 and SVI I should be used.
The relation between satellites' culminations during observations and the

accuracy of the positions should be further investigated to provide a criterion for
satellite selection.

A better antenna site on the ship should be found to avoid shadowing and to
minimize the effects of pitch and roll. Antennas of two similar systems should be
installed at both high and low elevations to determine the effects of pitch and roll.

The Kalman filter should be improved to avoid the oscillation when data are
noisy. Other algorithms should be implemented and their results compared to -- e
results of the KALMN2 program.

To provide a real-time position computation the KALMN2 program or a sirnular

program should be installed in a transportable computer. A system should be des-gned
to have one computer converting and logging the data, another processing an-d
displaying results, saving them or sending them to still another computer or data

recording system, and there should be a master system to control the synchroniza::cn
of time recorded with all data and to control the flow of information.

Processing of the same data should be done using the precise ephemeris to see

how -he solution is improved.

Processing in differential mode should be done to see how much the soluti.on ,s

improved.
Comparison of data from other receivers should be done to check ',hich tpe cf

receiver provides higher accuracy.

Next an experiment should be designed to obtain point or differential positions in

real time for moving platforms f s,,arvey ship xith little or no shore support.

* .*



To allow better evaluation of the GPS data. positions computed ih:.r
two lines of position should be used as reference.
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APPENDIX A

PROGRAM FALCON. SOURCE LISTING

//EZEQUIEL JOB (0812,9999,EZEUIEL" ,CLASSUC
//*MAIN ORG=NPGV1.081ZP,LINES( 99),CARDS: {99)
//*FORMAT PR,DDNAME =GO. FTO6FOO1,
//*FORMSxSEPI

EXEC FORTVCLG
//FORT.SYSIN D
C
C AUTHOR: AUGUSTO EZEQUIEL
C DATE: APRIL 10, 1987
C
C DESCRIPTION:
C THE PROGRAM TAKES THE RAN RANGE-RANGE DATA FROM AN INPUT FILE,
C COMPUTS THE POSITIONS AND AND THE COURSE BETWEEN TWO ANTENNA
C POSITIONS AND PRINTS THE UTM COORDINATES, THE COMPUTED COURSE
C AND THE GPS TIME OF EACH OBSERVATION.
C THE PROGRAM RUNS IN HVS
C 1/O SPECIFICATIONS: SEE END OF THIS JOB.
C
C THIS PROGRAM IS RESTRICT AS IS TO THE SEAFLOOR BENCHMARK EXPERIMENT
C FOR OTHER USES O0 NOT FORGET TO ENTER THE COORDINATES OF THE
C STATIONS AND OTHER PARAMETERS.
C
C COORDINATES ARE IN 1GS72 DATUM.
C
C THE PROGRAM HILL RUN WITH ANY AMOUNT OF DATA ONLY LIMITED TO DISK
C SPACE
C
C ANY BLANK LINES WILL TERMINATE THE PROGRAM IN ERROR
C
C
C
C
C

REAL *8 XI Z ) ,Y 2) ,XPOS ,YPOS ,XOLD ,YOLD
INTEGER LADEGILADEGZ,LAMIN1,LAMINZLODEGILODEG2,LOMZN, LOMIN2
INTEGER MONTHYEARDAY,HOUR,MIN,LADEG,LAMIN,LODEGLOMIN
REAL LASECI,LASECZLOSEC1,LOSEC2,LASEGLOSEGSECS

C

C STATION 1 FERRIER
C

LADEG1=36
LAIN1=33
LASEC1:S3.748
LODEGI=121
LOMIN1253
LOSECI=uZ. 939

C
C STATION 2 DOME ECC
C

LAOIOZ'36
LAMINZ218
LASECZsZO.95
LODEG2'121
LOMIN2v :4
LOSEC2%00.50

C

C COMPUTE X-Y FOR CONTROL STATIONS
C

CALL GPUTMILAOEG1,LAMIN1,LASEClLODEG,LOMtINl,LOSECI,Y(1) ,XI 1))
CALL GPUTM(LADEGZ,LAMIN2,LASECZLODEGZ,LO14IN2,LOSEC2,YIZ) ,X(Z))

C
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C END OF INITIAL DATA
C
c
C COMPUTS THE FIRST POSITION TO HAVE A STARTING POINT FOR
c EVALUATION OF THE COURSE
C

READ(5OP *,ENDZIOO) MONTHpDAYYEARHOUR,MINSECS,
*KODE1,RANG1,'STRE1,KODE2,RANGZPISTRE2

CALL RRXY(X#YtRANG1,RANG2,XOLD,YOLD)
C
C READ IN DATA FROMI INPUT FILE
C

5O CONTINUIE
READISOP * ,EN02100) MONTHsOAYvYEAR.HOUR,MIN,SECS,
KOOE1,RANGIISTRE1,KOOE2,RANG2,ZSTRE2

C
C COMPUTE X-Y AND GP OF RR POSITION
C

CALL RRXYIXY,RANG,RANG2,XPOS,YPOS)
C
C COMPUTES THE COURSE
C

CALL HEAO(XOLO,YOLDXPOSYPOS,COUJRSE,IERR)
C
C IF LANE JUM4PS DOES NOT SAVE THE POSITION
C
C IF(IERR.LT.O) IKRITE6*1)IERR
Cl FORMAT116)

IF(IERR.LT.O) GOTO 5O
C
C COMPUTES THE GEOGRAPHIC COORDINATES
C

CALL UITMGP( YPOSXPOS,LADEG,LAMINLASEGLOOEGLOMINLOSEGI
C
C OUTPUT THE RESULTS
C

HRITE(6.601 IONTH,OAY .YEARHOUR,MIN,SECSLADEOLAMIN,LASEG

X,;LODEG, LOMIN, LOSEG,COURSE
60 FORMAT121 1X ),1X,I'.,3(1X,13,lX,XZPlX,F7.3),lX,F5.0)

WRITE( 7) MONTHOAY ,YEARHOUJR,MINPSECS,LADEG,LAMINLASEG
# PLODEGtLOt4IN,LOSEG

C SAVES THE COURSE IN A SEPARATE FILE
C

WRITE(S) MONTHDAY,YEARHOURMINSECSCOURSE
C
C SAVES POSITION FOR COURSE COMPUTATION
C

XOLO =XPOS
YOLDSYPOS
GOTO 50

C END Of PROGRAM
C

100 CONTINUE
STOP
END

C

SU.BROUTINE RRXYiXR,YR,RloR2,XCO,YCO)
*i*.ii**.*c*.**.:

C
IMPLICIT REAL*8 (A-H,O-Z)
DIMENSION XR( 2) ,YRI 21
A x OSQRT((XR12)-XR(111**Z * YR(2)-YR(11)**Z)
CR a IXRI2)-XRI1)) A
SR s(YR(2)-YR(l)l A
XP 2 fIRl - RZ*R2 A*A) 12*A)
ARG R1'Rl - XPXP

66

'~-~'-- %



YPz DSQRT(ARG)
XCO zXP*CR + YP*SR 4 XR(13
YCQ a XPi*SR - YP*CR + YR13)
RETURN
END

C

SUBROUTINE GPUTM( LADEGLAMIN,LASEG*LOOEGsLOMIN,LOSEGNORTHtEAST 3

C

DOUBLE PRECISION ARN,AP,BPCP,OPEP,S,R1,ESQ,ESQP,RMRP,KO
DOUBLE PRECISION R2,R3.R4,RSP,PZ,P3,P4,PS,P6,A6,S,SISEC
DOUBLE PRECISION PHIOLAII,NORTH,EASTB,PHIMINPliLON
REAL LASEG,LOSEG

C
C THIS SUBROUTINE COMPUTS THE UTM COORDINATES OF GP IN NGS 72
C IN ZONE 10 CENTRAL MERIDIAN 123 00 00 W4
C

CM-123. 000
PHI:OFLOAT( LADEG 3.OFLCATI LAMIN)/60.OOBLEI LASEG 3/3600.00
LON=OFLOAT LODEG 3.OFLOATZ LONIN 3/60. DO.OBLE( LOSEG 3/3600.00
LON=-LON
DLA3~I:1LON-CN 1*3600.00

C
A:637813S. 000
R=298. 2600

C
KO=0.9996O

C
5 aA*(R-1.00)/R

C
N z IA-B 3/I A+B)
APz A*3 1.DO-N3,5.00/4.OO*(N**2-N**33,81.00/64.OO*(N**4-N**S))
BP =3.00/2.00*A*I IN-N**23,7.00/8.00*IN**3-N**4),55.00/64.DO*NW*53
CP =15.00/16.00*A*(N**2-N**3,3.00/4.0O*(N**4-N**5)3

OPz35.0O/48.DO*A*(N**3-N**4.11.00/16.00*N**S)
EP =315.O0/Sl2.OO*A*fN**4-N**S)
PHIMIN =PHI*60.DO*2.90888208666D-4

C
PI=DARCOS( -1.00 3

C
PHI=PHI/18O . O*PI

C
S zAP*PHIMIN-BP*OSIN(Z.OO*PHI 3.CP*OSIN(4.DO*PHI 3

S - DP*OSINL 6. 00*PHI 3,EP*OSINI 8.D0*PHI) c
RI - KO*SL

C
SINSEC z (1.0O/360O.DO)/ISO.001P
SINSEC=OSIN( SINSEC 3

C
ESO x I A**Z-8*023/A**2
ESOP a ESQ/t1.DO-ESQJ
RM x A*( 1. D0-ESQ P/I SQRT( 1.00-ESQ4*OSIN( PHI3**2)3*4*3

C
Rp a Rtt*(1.0OESQP*OCOS( PHI 3*1*
RZ x RPODSINI PHI J*OCOSI PHI I*SINSEC**2/2.DO0*3(*1.008
R3 x SINSEC**4*RP*DSINI PHI 3*DCOSI PHI3**3/24.00*1 5.00-DTANI PHI 3*42

S + 9. OO*ISOP*OCOSI PHI 3**24. DO*ESQP*ESQP*DCOSI PHI 3**4 3*3(0*1.016
R4 a RP*DCOSIPMI3*SINSEC*K04*1.04
R.5 a SINSEC*43*RP*OCOSL PHI 3*43/6.00*11.00-OTANI PHI 1*42

$ + ESQP*DCOSI PHI3*4*2 3*KO*1.012
C

P 2.OOO100*DLAM

P3 z P**3
P4 x P**4
PS 2 P*5

P6 = P**6

C A6 x P6*SINSEC*4*6*RP*OSIN( PHI )*OCOSI PHI 3*1*/720.00



* (61OO-SS.DO*DTAN( PHI )**2.DTAN( PHI3*4
$ + 270.DO*ESQP*OCOSI PHI )**2-330.OO*ESQP*DSINf PHI 3*42 lKOhl.D)24

85 x P54SINEC*RP*COS( PHI J**5/1ZO.DO*3 5.DO-18.OWDTAN( PHI *42
$ + DTAN(PHI 3*44+14. DO*ESQP*DCOSi PHI 1**2
$ - 58.OO*ESQP*DSIN( PHI 3**2 *KO*1.D20
NORTH=R1,R2*P2,R3*P4+A6
EAST2 CR4*PRS*P3+BS .sooooa DO
RETURN
END

C

SUBROUTINE HEADI XOLDYOLDXPOSYPOSCOURSE .IERR 3

C
REAL*8 XOLD,YOLDXPOSvYPoS
IERRzO
DX=XPOS-XOLD
DY=Y'POS-YOLD
RADIU)S=SQRT( Dx**2+DY**2)
IF(RADIUS.GT.20.) IERR=-1
IF(RADIUS.GT.O. 3 GO TO 10
COURSE=0.O0
RETURN

10 CONTINUE
20 COURSEz ARCOSt DY /RADIUS)

COURSE=COUJRSE*180 .13. 141592654
IF(DX.LT.O.1 COURSE:360.-COURSE
RETURN
END

C

SUBROUTINE UTMGP(NORTH ,EASTLADEGLAIINLASEGLODEGLO4INLOSEG)

C
DOUBLE PRECISION A,R,N,18, BP,CP,DP,EPSRIES,)ESQP,RHRP,KO
DOUBLE PRECISION R7,R8,R9,ES,Q2,Q3,Qa4,Q5,G6,D6,APSINSECw
DOUBLE PRECISION R1O,DLAM,NORTH,EAST,RPHI,DPHI ,PHIMIN
DOUBLE PRECISION EPRIME ,DELTAD6N4*1,CM,PHI ,LDN,PI
REAL LASEG,LDSEG

C
C THIS SUBROUTINE COMPUTS THE UTH COORDINATES OF GP IN 3433 72
C IN ZONE 10 CENTRAL MERIDIAN 123 00 00 N
C

CM:-123 .000

A=6378135.0ODD
R=298. 2600

C
KO=0. 999600

C
PI=DARCOS(-1.00)

S a Awl R-1.DO 3/f
C

N x CA-B/IA+B)
AP 2A*E (1.DO-NI+S.0O/4.D0*3N4**2-N**3),81.DO/64.D0*(t4**4-N**Sfl
SP 3.DO/2.DO*A*((N-N**ZJ,7.DD/8.DO4INw43-Nw43.S.DO/64.0O*N**S)
CP :15.DO/16.DO*A*(N**2-N*43,3.DO/4.DO*IN**4-N**3))
DP *35.DO/4a.DONA*(LN*w44'+11.DO/16.D0*N44S)
EP '315.D0/512.DO4A*CN**4-N**51

C
C FIRST APROXINATION OF PHI
C

PHIzNORTH/30 .8D0/3600 .DD
C
C COMPUT TRUE MERIDIONAL DIST AND APROXIMATE PHI
C

0O 100 1:1,8
PHIMINsPHI*60 .00*2. 90888208666D-4
RPHI :PHI/180 . DO'P1
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S 2 AP*PIMIIN-BP41DSIN( 2.00*RPHI ).CP*DSIN(4.00*RPNI)
* -OP*OSIN4 6.DO*RPNI 3,EP*0SIN(8.00RPMI)

RI a KO*S
0ELTAcNORTH-RI
PHlx( DELTA/30.8/3600. 3.PHI

100 CONTINUIE
RPHI=P141/10.Doo*pr

C
C

SINSEC z(1.O0/3600003/l6o.00*pI
SINSEC 2 SI SINSEC 3

c
ESQ I A*-*Z-B*12)/A**Z
EStIP ESQ/(l.D0-ESQ)

C RM A*( 1.DO-ESQ 3/(DSSQAT(I .0-ESQ*DSIN( RpHI *41213*41

RP =RM*I1.00.ESQP*OSIRPHZ3**Z3
R7s1 OTANI RPIZ/I 2.00*RP**Z*SINSEC3 )*( 1.00ESQP*OCOSI RPNII *412

$ *1.O12/KO*12
Rge( OTANI RPHI 3/I24. DO*RP**4*SINSEC) 3*35.00.3. D0*OTAN( RPt4I *412

+ 6. D0*ESQP*DCOSI RPII**2-6 .00*ESQP*OSIN( RPHI 3*42-3. 00*ESQP**Z
$ *DCOSI RPHI 3*44-9. D04ESQP**2*0COS( RPHI 3**Z*DSINt RPH! 3*2 3
$*1.024/KO*4
R9u1.00/DCOS( RPM! 3/3RP*SINSEC 3*1.06,(0
RID100DO/COSI RPM! )/I6. 00*RP**3*SINSEC i*I1.00.2.00DODTAN( RPM! 34*2

* ESQP*DCOS( RPM! 3*412*1.018A1(*13
C

EPRIMEmEAST-500000 .00
Q a.00000100*EPRIME
Q2 X (PZ
Q3 z Q*413

04 Q**4

Q6 =Q**6
06NMI1=Q6*DTAN( RPM! 3
D6=3 06N14it /3720. 00*RP**6*SINSEC 3*361.00.90. 0*OTANI RPM! 34*2
$*45.00*OTAN( RPM! 3**4,107.00*ESPDCOSRPII*1

S -162.0O*ESQP*DSINL RPM! 3*42-45.DO*ESQP*DTANI RPM! 3*42
$ *OSINI RPM! 3*42 3*1. D36/KO*16
E5:I QS*1 .00/OCOS( RPM! 3 /3 120. 00*RP**541S!NSEC 1*1 .00.26.00
$ WTANI RPM! 3*4Z24.00*DTANI RPM!3**46.00*ESQP*OCOSI RPM! 3*42

S ..00*ESQP*DS!N( RPM! 34*2 3*1. 03/KO**5

0PH!I (-R7*QZ.R&*Q4-D6 3/3600.00
OLAM=( R941Q-Rl0*Q3+E5 3/3600.00
PMI=PHI.0PHI
LON=C31,DLA3
CALL O1453PHI,LADEG,LAtIIN,LASEG)
CALL ONSI LON,LODEG,LOMIN,LOSEG 3
RETURN
END

C

SUB5ROUTINE DI4IDEC,LDEG,MNPSEC 3

C
DOUBLE PRECISION DEC,>0NUM,XQ!N

C
)GMADS( DEC)
L0E~s0INT XuI 3
XMINw(XNUMD-0FLOATI LDEG 33*60.0
MINSCZNT()GtIN 3
XLUtzt )QlN-OFLOAT( MIN)3*60.0

IF ILOEG.GE.360) LOEGxLDEG-360
RETURN
END

//GO.FT06FOO1 DD SYSOUT2*
//GO. FTO7FOO1 00 DSNxMSS.S0812.FALCON.ANTEN#4A.POSDISP20LD
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APPENDIX B

PROGRAM COURSE SMOOTH. SOURCE LISTING

//JOSIOTH JOB I OB1Z ,9999), EZEWUJIEL ,CLASS=C
//*MAIN ORGzNPGV/Ml.OS1ZP,LINES:I 993,CAROS:(99J
//*IFORMAT PR ,DONAIIE GO. FTO6FOO1,
//*FORMS=SEPI

/1 EXEC FORTVCLG
//FORT.SYSIN DO
C
C AUTHOR: AUGUSTO EZEQUIEL
C DATE: JANUARY 0S, 196
C
C DESCRIPTION:
C THE PROGRAM MIAKES THE RUNN4ING AVERAGE OF THE COURSE COMPUJTED
C BY THE PROGRAM < COMP > IN ORDER TO TAKE OUT THE EFECTS OF THE
C PITCH AND ROLL EfFECTS. THE FIRST ANO LAST TWO POSITIONS ARE
C REJECTED AS NO RUNNIING AVERAGE IS POSSIBLE FOR THEM.
C THE PROGRAM RUN~S IN MYS
C 1/O SPECIFICATIONS: SEE END OF THIS JOB.
C
C THIS PROGRAM IS RESTRICT AS IS TO THE SEAFLOOR BENCHMARK EXPERIMENT

C
C THE PROGRAM WILL RUN4 WITH ANY AMOUNT OF DATA ONLY LIMITED TO DISK
C SPACE
C
C ANY SLAW LINES WILL TERMINATE THE PROGRAM IN ERROR
C
C
C
C
C

REAL COURSEl 5),SECSI5)
INTEGER MONTMIS),YEARI S) DAY1 S),HOURl 5) MINI 5),FLAG
LOGICAL SAVE

C
C INITIALIZATION OF FLAGS
C

SAVE: .FALSE.
F LAG: 1

C
C READS THE FIRST FIVE COURSES
C

00 100 Ju1,5
READIS1,END1llo) MNW(J),OAY(J),YEARlJ),HOURlJ),

$ MINI J ,SECSlJ),COURSE(J I
I50 FORJAT(21X,I2),1X,14.1x,rZ,1X,I2,1X,F4.1,IX,F07.ZI

C HRITE(6,150) MONTH(J I,OAY(JhpYEAR(J ),HOURI J),

C $ MIN(JISECSlJbpCOURS6tJ)
100 C0ONTINIE

C
C AVERAGE THE COURSE
C

105 AVGtCOUSEII1)+COURSE( 2 *COURSE( 3 kCOURSE(4 )*COURSE(5) )/S.O
C
C SAVES THE AVERAGE IN THE MIDDLE POSITION

COURSE ( 3 1 aAVG
C
C DOES NO SAVE THE FIRST TWO POSITONS OF THE FILE AS NO RUNN#ING
C AVERAGE EXISTS FOR THEM
C

IF(SAVE) GOTO SO
C

xw1



FLAGxFLAG.1
ZF(FLAG-EQ.3) SAVE2.TRUE.
GOTO 70

CWRITES THE DATA WITH THE AVERAGED COUJRSE INTO THE FILE
C

CSO WRITE(7 M4T(),AY1hYEArt(IhHtOURlhMIN1J,SECS),CURSEII1

WRITEI6,15a I IONTH( ti,oAy(lI,YEARlhHOURt 1),

C MIN 1 ),SECS( 1J,COUSE(l)

C MOVES FORNARD THE DATA
C

70 CONTINUE
00 75 Js2,5
MONTHIJ-1)-HoNTHIJ)
OAY(J-11=OAY(J i
YEAR( J-1 isYEAR~iJ)
HOURJ-1)ZHotUR~JI
HIN J-1 )=MIN( J)
SECS( J-1 )=SECS( JI
COURSE(J-1 )rCOURSE(j I

IS CONTINUJE
C
C READS ONE MORE COURSE
C

READ(S1,ENOXjOOO) MONTH(S),D)AYIS),YEAR(5),HOUR(5),
$ MIS),SECSIShCOURSEIS)

C
C GO BACK TO COMPUT A NEW AVERAGE

GO TO 105
C
C ENO OF FILE FOUN4D DURING THE INPUT Of A FITH C OUR Se
C SO SAVES THE REMAINING TWO AVERAGES
1000 CONTINUIE

DO 00 tOl.a,z
WRZTE(7,150i MONTHfJ),DAY(J),YEAR(JbHOUR(J),

$ MIN(J),SECSt.jiCOURSE~J)
IRITE(6,15O) MONTH(J DAYlJ),YEARE.J),NOUR(Jj,

S MINJ),SECS(JI,COURSE(J)
1001 CONTINUJE

STOP
C
C NO OUTPUT IS MADE IF AN END OF FILE W4AS FOUNDO DURING THE READING
C OF THE FIRST FIVE COURSES
1100 CONTINUJE

WRITE(,140) 
V

140 FORMAT rl ERROR. END OF FILE DURING THE FIRST SET OF COURSES-1
STOP
END

//GOFTO6FOO1 00 SYSOUra0
//GO. FT07FOO1 00 DSNzI5.SOIZ.FALCON.CORSE.SIOOTH,DSPuS~i4
//GO.FTSIFOOI 00 DSNuPMS.SO81t.FALCON.COURSE.ROUIGH,OISPS4R

. . . . . ..
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APPENDIX C p

PROGRAM TRANSDUC FALCON. SOURCE LISTING

//JOBTRANS JOB (0812,99 9,'EZEQUIEL ,CLASSsC
//* fIAIN ORGxNPGVM1.081ZPLINES=( 99 ) ,CARDSx( 99)
//*FORMAT PR,DDNAIIE=GO. FTO6FOO1,
//*FORIIaSEPI
// EXEC FORTVCLG
//FORT.SYSIN DO *
c
c
C AUTHOR: AUGUSTO EZEQUIEL
C DATE: MARCH 04, 1987
C
C DESCRIPTION:
C
C THIS PROGRAMS TAKES EACH POSITION OF THE ANTENNA
C THE COMPUTED COURSE I FILTERED OR NOT ) ,THE PITCH
C AND ROLL DATA, AND COMPUTES THE POSITIONS OF THE
C TRANSDUCER, APLYING THE SEVEN PARAMETER TRANSFORMATION
C TO THE OFFSETS OF THE TRANSDUCER IN RELATION TO THE ANTENNA
C CONSIDERED THE CENTER OF COORDINATE SYSTEM AND THEN ADDING
C THE CORRECTIONS TO THE COORDINATES.
C
C THE PROGRAM RUNS IN MVS
C
C I/O SPECIFICATIONS: SEE END OF THIS JOB.
C
C THIS PROGRAM IS RESTRICT AS IS TO THE SEAFLOOR BENCHMARK
C EXPERIMENT
C
C THE PROGRAM HILL RUN HITH ANY AMOJUNT OF DATA ONLY LIMITED TO DISK
C SPACE
C
C ANY BLANK LINES 4ILL TERMINATE THE PROGRAM IN ERROR
C

C
DOUBLE PRECISION XPOSYPOS,TIME1,TIMEZ,TIME3,SECDSECHRATE
DOU.LE PRECISION TIME4, TIMES
REAL COURSE,PITCH(Z),ROLL(ZSECI(Z),SECZ,PIT,ROLSEC3Z)
REAL DXDY,DZ,OFFXOFFYOFFZHEAD(Z),LASEG,LOSEG
INTEGER MONTH1(Z),DAYI(2),YEAR12) ,HOURI(ZbMNl( ZI
INTEGER MONTHZ ,DAY2 ,YEAR2 ,HOUR2 ,MIN2
INTEGER MONHS(ZI,DAY3(2),YEAR3I2),HOUR3I2),MIN3I2)
INTEGER LADEGLAMIN,LOOEGLOMIN

C
C INITIALIZATION OF CONSTANTS f
C

SECHa3600.DO
SECO824. DO*SECH

C
OFFXx-S. 345
OFFYN-9 4 ,3
OFFZx-16.132

C
C READS THO SETS OF PITCH AND ROLL DATA
Cq

READ( 51,* ,END=ZoOO) M'ONTH1( I ,DAY1( 1 I,YEAR1(l1) ,HOUR1(l1) ,MIN1 ),

$ SECl( 1 1,PITCH( 1 ),ROLL( I2
TIME1=DFLOAT( DAY1( 1 )*SECDDFLOAT( HOURif 1 )*SECH

$ + DFLOAT(MIN1(1H1*60.OO.DBLE(SEC 1f))
C

READ(S1,N,END:10O) MONTH12),DAY-IZ),YEARI12J,HOUfR1(2),MINI(Z ,



S ~SECZ) 2) ,PITCH( 2) .ROLL( 2)
TIME~xDFLOAT( DAYl() *SECDOFLOAT( HCURZ))I*SECH

+ DFLOAT(MIN1( 2) )*60.DODSLE( SECI.L 2)

C READS TWO SETS OF COURSE
c

READ(52,ENDalOO) MONTH3t1),DAY3fZ3.YEAR3(1),HO0UR3(l),MIN3(l),
$ SEC3( I) *HEAD 1 )
TIME4DOFLOATt OAY3I1) )*SECDDFLOATI HOUR3( 1) 3*SECH

+ * FLOATLMIN3(1))*60.0ODBLE(SEC3(1))
C

READI52,END=1OO) MONTH31Z),DAY3(2),YEAR3(2),HOUR3I2),MIN3(2',
$ SEC3(Z ),HEAD( 21
TIME5aDFLOATI 0AY33 2 3 *SECD.DFLOATI HOUJR3( 2 3 3SECH

+ * FLOAT(M1N313 360.DODSLE(SEC3) 23)
C
C READS ONE POSITION OF THE SHIP
C

20 READ(SO,ENDs100 3 MONTHZ,OAY2,YEAR2,HOUJR2.MIN2,SECZ,
* LADEGLAtIINLASEG LODEG L0MIN ,LOSEG

TIME3ODFLOAT( DAY2 )*SECDDFLOAT( HOUR2 )*SECH
+ DFLOAT(MIN2*60.D0+OSLEiSECZ)

C POSITION IN TIME BETWEEN THE TWO SETS OF PITCH AND ROLL DATA
C AND THE TWO SETS OF COURSE DATA

25 CONTINUE
C
C POSITION TO EARLY FOR PITCH AND ROLL DATA
C

IF) TI1E3.GE.TIt1EI) GO TO 40
34RITE 16,30) MOHTH2 ,DAY2 ,YEAR2 ,HOUJR2 ,MIN2 9 SECZ

30 FORMAT( PSN al ,r2,lX,12,IX,14,lX,l2,lX,I2,lX,F4.1,
$ ' REJECTED. NO PITCH AND ROLL DATA')
GOTO 2u

C POSITION TO EARLY FOR PITCH AND ROLL DATA
C

40 CONTINUE
IF(TIM1E3.GE.TIME4) SO TO 60
HRITE( 6,50) MONiTH2,DAY2,YEAR2,NOUJR2,MIN2oSEC2

50 FORMAT(' PSN a ',I2,1X,lZ,1X,14,lXI2,1X,IZLX,F4.1,
$ 'REJECTED. NO COURSE DATA')
GOTO 20

C
C POSITION LATER THAN THE SECOND SET OF PITCH AND ROLL DATA
C

60 CONTINUE
IF(TIME3.LE.TIMEZ) GOTO 70

C
C MOVES THE PITCH AND ROLL DATA TO THE FIRST SET
C

MONT4lxI MONTHi) 2)
DAYl(I )zOAY1) 2)

YEAR).)1 )sYEAR1( 2)I
HOUl) 1 )uHOUR1) 2)
MINViC 1MINV1(2
SI))2 )MSEC1()
PITC4(l1 3PITCH( 2)
ROLL)a)ROLLC 2)
TIM! lmTIMEZ

C
C READS A SECOND SET OF PITCH AND ROLL DATA
C

READ(51,*,END=100) MONH1(2),DAY1(Z3,YEAR1(2),HOUR1(23,MIN1()23
* SEC1I2)#PITCHf2l,ROLL(2J

TIME2sDFLOAT( DAY1 2 ) 3*SECD+DFLOAT(HOUJRI( 23 ) WSECH
s + DFLOAT(MIN1(2)I*60.DO.DBLElSEC1(Z)I
GOTO 25

C



C
C POSITION LATER THAN THE SECOND SET OF COURSE DATA I

C
70 CONTINUE

IF(TI?4E3.LE.TIME5) GOTO 80
C
C MOVES THE COURSE DATA TO THE FIRST SET
C

MOMTH3 1 )uMONTHSI 2)
0AY3( 1 )0AY3( 2)
YEAR3( 1 )YEAR3I 2)
HOUR3I 1 )=H0R3( 2)
MTN3L 1 )=MN3 2)
SEC3( 2 )SEC3( 2)
HEAO( 1 )HEAO( 21
TIME4=TIME5 0

C
C READS A SECOND SET Of PITCH AND ROLL DATA
C

REAOISZ,ENDS100) MONTH3CZ),OAY3(ZbYEAR3(Z),HOUR3I2),M1N312),
* SEC3(2),HEAO(Z)

TIMESaDFLOATI DAY3E 2) I*SECO4DFLOAT( HOUR3I 2) )*SECH
s + OFLOAT(MN32))*6O.00+OLE(SEC3)2))
GOTO 25

C
C POSITION WITHIN THE TWO SETS IN TIME
C

80 RATEs( TIMI3-TIHE1 )/( TIME2-TIME1)
PITzPITCHL 1).' PITCN( 2)-PITCH( 1) IRATE '

ROLzROLL( 1)+( ROLL() -ROLL))*1RATE
RATE= TZME3-TIME4 I/I TIMES-TIME4)
COUJRSEzHEA(I )+( HEAOI 2 -HEAD) 1)*RATE

C
C COMPUTS THE CORRECTIONS AND THE POSITIONS OF THE TRANSDUCER
C

CALL PTH)OFFX,OFFY,OFFZsCOURSEPITROLOX,DY,DZ)
C
C COMPUTES THE UTH COORDINATES
C

CALL GPUTMI LADEGLAMINLASEGLOOEGLCOMINLOSEGYPOSXPOS)
C S

)POs:XPOSox
YPOS=YPOS+OY

C
C CONVERTS BACK TO OP
C

CALL UTMGP(YPOS,XPOS,LADEGLAI4INLASEG,LODEGsLOMIN,LOSEG)
C
C OUTPUTS THE RESULT
C

NRITE( 7) MOW4TH,OAY2,YEAR2,HOUR2,MIN25 SECZ,
S ~LADEGLAIIIN ,LASEGLODEG ,LOMIN,LOSEG

C
C NRITE)6,90) NONTH2,DAY2,YEAR2,HOUR2,MIN2,SEC2,
C ULADEG ,LAMIN.LASEG,LOOEGrLOMINLOSEG 1-

90 FORtIAT)2E 1X,I2),1XI4,1XI2,1X,IZ,1XF4.1,2) 1X,13,1X,12,1XF7.4))
C
C READS ONE MORE POSITION 5

GOTO 20
C
C END OfPROGRAM
C

100 CONTINUJ!4
STOP
END

C
SUBROUTINE PTHCXOFF ,YOFF ,ZOFF,COURSE ,PITCH,ROLLDX,DY IDZ)

C
C THIS SUBROUTINE COMPUTES THE CORRECTIONS TO THE
C COORDINATES DUE TO THE OFSET OF ANTENA IN RELATION

7
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C TO THE TRANSDUCER
C

PI sARCOSI -1. 0)
ROLL :ROL L*PI/180o
PITCHaPITCH*pr/so.

C COURSE UCOURSE*PI/18O.

C CHANGE SIGNAL OF ORIGINAL DATA TO MATCH THE RIGHT HANDC SYSTEM CONVECTION
C

ROLL:-ROLL
C

COSPHI: COS(ROLL)
SINPNI= SINI ROLL)
COSK: COSt COURSE)
SINK= SIN(COURSE)
COSbI: COSt PITCH)

CSZI&tu SINt PITCH)

OX a XOFF COSPHI *COSK
* YOFP*(C0ISIW SINN* SI~pHI*COU

C ZOFF SW SN OW0 tp,*CS

DY z KOFF *COSPHI SU4 (-1.) ** YOFF CW CSK SIN* SIPHI *SIW
C ZOFF SINN COSK CO* SIHI*SIW

OZ - XOF SINPHI -
$ YOFFt SINN cgSpHI +,

$ ZOFF i C054*COSpHI
RETURN
ENO

C
C

SUBROUINE UTMGP(INORTH, EAST, LADEG LARIIN LASEG ,LODEG , LMI4, LOSECIC
DOULE PRECISION A,R,N,B, BPCPIPEPSR1,EQESQPRRPKO
DOUBLE PRECISION R7,aR9,ES,QQZ,QsQ4,QSQ6,06 ,AP,SINSECDOUBLE PRECISION RlO,OLAM,NORTH,EAST,RPHIDpI ,pHININOUBLE PRECISION EPRIMt 9OELTA,06N1*4,CM,PHILON~pr
REAL LASEG,LOSEG

C THIS SUBMROUTINE C"tIUTS THE 11TH COORDINATES OF GP IN bDS, 72C IN ZONE 10 CENTRAL MERIDIAN 123 00 00 WI
C

CM%-123. 000
C

A2637813S. 000
R=298. 2600

C
K020.999600

C
PIXOAR5COS-1.00)

B *A*t R-1.DD I/N
C

N *(A-61/109)

OP a 35.O/ 4 8.O*A*N*ts-N*4,11.00/16.OO*N**Sj
EP 315l.0O/512.Oo*A*(N...4**5lC FIST PROXMATON O PHC

PHI :NORTH,30 .800/3600.00 

*C COMPLJT TRUE MERIDIONAL DIST AND APROXIMATE PHIC
00 100 I*1,a



PHMIN.NI*60 .00*2. 906882086660-4
RPM! :PN!/180. 00*P!

SaAP034!MIN-BP*OSIN(2. DO*RPMI 3.CP*OS!NI 4. DO*RPMI)
s -DP*DSIN6.00*RPM! 3.EP*OS!N(8.D0*RP34!
RI a KOOS
OELTAut4ORTM-RI
PHImI DELTA/30.8/3600. 3.PHI

100 CONTINUJE
RPM! :PHI/180 .00*P!

C
C

Sfl4SEC z 1.00/3600003/180.Doop!
SINSEC Z DSIN3 SINSEC 3

C
ESQ ( A**2-B*4.2 /A**Z
ESOP ESQ/(1.00-ESQ)
R?1 x A*(1. DO-ESQ 3/3DSQRT(I1.00-ESQ*0SV43 RPM! 3*42)3*4.3

C
RP 2 RMt*l1. 00+ESQP*OCOS RPM!3*4.2 3
R7xt OTAN(RPM! I Z . 0O*RP*4.2*SlNSEC 3*3 1.DOO.EsM*OCOS3 RPM! 3*.2

$ *1.D12/KO**2
R8$I OTANI RPM! 3/124. Oo*RP**4*srNSEC 33*1 .00.3. D0*OTANI RPM! 3*42
$ 6 .Oi'ESQP*DCOSI RPM! )**2-6.D0*ESOP*OS!NI RPM! **2-3.00*ESQP**Z

$ *DCO33 RPM! 3*44-9. D0'ESQP*2*DOSi RPM! i**2*OS!N( RPM! 3*4.2
$ *1.024/X(04

R9sl . 0/DCOSI RPM! 3/3RP*s!NseC 34..04/3(0
R1O:1 .00/DCOSI RPM! 3/1 6.DO*RP**3S!?Gt4EC 3*11.DO,2.OO4.OTANI RPM! 3*4.

$ *ESQP*OCOS RPM! 3*.2 *1.018/(043
C

EPRIMfzEAST-S00000 .0
Q z .000001D0*EPRIME

QZ a Q**s
Q4a Q**4

QS a Q-65
06 2 *06

D6N~lMxQ6*0TANl RPM! 3
O06N e1M 3/3720.00*RP*.6.S!NSEC 3*1 1.D0090.00*DTAdI RPM! 3*42

$ +45. D0*OTANI RPM!I)**4.107. oo*gSQp*oCoSi RPM! 3*Z

--12.04.ESQP*SINIRP4X 3**2-45.DO*ESQP*OTAN( Rpm!r).2
$ *OS!NI RPM! j*.2 *1. 036/K0**6
ES I QS*1 .00/DCOSI RPM! 33/3120. O0*RP**S*SPGSEC 3*3 .00.26.00

s OTAN3 RPM! 3*42.24. 00'OTAN RPMl 3*'446 .00*ES4POCOS3 RPM! 3**2
$ . 0*ESQP*OSUI(RPM! 3*42 3*1.030/(04

0PM!:3 -R7*Q2+R8*Q4-06 3/3600.0
0LAI4:t R9*O-Rl0*Q3+E5 3/3600.00

L0NsCM+DLAMI
CALL DPI !,LAOEG,LAI!N.LASEG 3
CALL 0?ISILON,LODEGLOMNNLC41G3
RE.TURN
END

SL.OUTPE GPUTM LAOEG ,LAI41N ,LASEG ,LOO!G.LCtfl4, LOSEG .NRTM .EAST I

DOUBLE1 PRECISION A,R.NAP,RP,CP,OP,EP,SR1,ESO,ESQP,RM,RP,KO
00181.1 PRECISION RZR3,R4,RS,P,P2,P3,P4,PS,P6,A6,85,SIMSEC
DOUBLE1 PREISION PM!.01A14,NORTMPEAST,BPHMIMNP!,LON
REAL LASEGLOSEG

C
C -HIS SUBROUTINE COMPUTS THE 3JTM COORDINATES OF GP IN Has3 72
C 1.4 ZONE 10 CENTRAL MERIDIAN 123 00 00 34
C

CM-123 .00
PH~sOFLOATILAOEG3*OFLOAT3 LAIN3/60.00.DBLEILASEG3/3600.D0
LO3~IOVL0AT(L L00G 3.OFLOATI LOMIN 3/bO.0O*DBLE( LOSEG 3/3600.00
LONe- LON
OLAPIUILON-CM 3*3600.000

C



Ax63 76135.000
Rs298.2600

K~u0.99%00

S * .R-1.Do 3/N

N r. IA-S)/(A.83
AP a A4((1.D0-N3.5.00/4.00*.N*4.2-N4*3381.D0/64.00*nNh*4-N*WSH)
SP a 3.DO/2.00*A4.((N-N**23.7.00/8.00*(N*13-N*w'.3tS..0/64.D00*N**53
CP a 15. DO/16.0O*A*3 N4.11-N**33.00/4.00*(N.*4-N4*5 33
OP a 35.D0/48.00*A*N*.3-N.*411.00/16.011t4iS45
EP =315-DO/Sl.00*A.EN.44-N**S)
PHIMIN x Pmi*b0.oo*z.o0868208666o-4

PIa0ARC0S(-1.00)

PHI=PHI/1SO.00*PI

S aAP*PHIMIN-BP*OSINI 2.004.PHI 3*CP4.SIN4.00*P413
S - DP*OSIN( 6.DO04PHI 3.EP4.SINIS. 00*PHI)
RI z 9(04.

SINSEC z 31.00/3600.DOJ/180.DO*Pl
SINSECsOSIN9 SINSEC)

C
ESQ a 3 A*4*Z-B12 )/A*.42
ESQP v ESQ/t1.00-ESQJ
RM 2 A*.91.00-ESG 3/9 SQRT91.D0-ESQ4.OSINI PHI 3*42))34.

RtP x Rf4.l 1. 00*ESQPDCOS9PHI 3**Z)
RZ a RP*OSIN9 PHI 34.OSIPHI 3*SINSEC4*2/2. 004.9(*1.008
R3 a SINSEC*4*4RP*OSIN(PHI 34.OCS3PHI 3*43/24.00*15.D0-TANI PHI **Z

$ + 9.O0*ESQP*OCOSf PHI )4.12+4.00*ESQP.ESGP*COS PHI )**e.4(04.*1.016
R4 x RP*DCOSI PHI )4SINSEC4.KO*1.D4
AS a SINSEC*.3*RP*OCOS PHII *43/6.004.91. 00-OTANI PHI 34141

S + ESQP4.OCOS9 PHI 3ZK*I2.30..01

P 2 .000100.OLAH
P2 z P**Z
P3 a P**3
P4 = **

P6 z **

A6 3 P64.SINSEC*.64RP4.OSN9PHI )*OCOS(PHI 3.45/720.00
* 4. 9 1.00-58. D04DTAN( PHI )4.4.2,TANI PHI)*34.1

$ + Z70 .00*ESOP.OCOS9 PHI 34.42-330. 004ESQP4.OSIH9 PHI 14.12 34.(04..024
B5 x PS*SINSEC*5*RP.OCOS PHI 34.4S/120.00.( S. 00-15.00*TAN9 PHI 34.11

+ OTANt PHI 34414. 004.ESQP4.OCOS( PHI 3*4.
* - S6.0O4.ESQP4.OSINI PHI 9*4.2349(041.020

NORTH aRlAZ4P2,R34.P4*A6
EASTat R4*P+RS*3.U 3.5000.00 .

RETURN
END

SLSROUWIE OMIStECoLDEG,3 INsEC 3

DOUBLE PRECISION DECoXN)t4M~IN

XNLY~mOASSI DEC I
LOESDINT( 304))
)(NINa(UI 03-OFLOATI LOEG 33460.00
MINsOINT( X4IN)
)0W.t3il H-DFI 1 oA'T i MIN 33*60. DO
SECsSNG.L3IXN4M
rF (LOEG.GE.360) LDEGzLDEG-360
RETURN
END

/0.

%- .

-Af-.. le



"/GO.FT06FOO1 D0 SYSCUTZ*
//eQ. FT07FOo1 D0 USN=USSSO812.FALCONTRANSDU1C-POSOISPZH
/O.FTSOFOO1 00 DSUS. a2FALCON.ANTENNA.POS,01SPxSNR
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APPENDIX D

PROGRAM'V PLOT. SOURCE LISTING

//EZEQUIEL JOB IO812,9999 I, EZEQUIEL',CLASSaC
// EXEC FRTVCLGP

//FORT.SYSIN DO0
C
C PROGRAMI PLOT
C
C RUNS IN FORTRAN VS
C
C AUTHOR: AUGUSTO EZEQUIEL
C
C DATE :26 JANUARY 1987
c
C THIS PROGRAM~ MAKES A PLOT OF THE POSITIONS OF THE SNIP
C
C

DOUBLE PRECISION XPOSYF3SXLEFTYLEFTTIMEITIME2,SECDSECH
REAL SECS,XPLT,YPLT ,BLXH,BLYN,SCALE ,VALUE tLASEG,LOSEG
INTEGER MONTN,YEAR,OAY,HOUR,PIIN,IPEN,LAOEG,LAIIIN,LOOEG,LOMIN

C
C PLOTTER INITIALIZATION
C

CALL PLOTS 10,0,0)
CALL PLOT 12-,Z-,-3)
IPENZ3

C
C DIMENS5IONS OF SHEET, LEFT CORNER AND SCALES
C

BLXH:36.
BLYH249.
XLEFT:564800 .00
YLEFT=4037000 .00
SCALE=1./10000.

C INITIALIZATION OF CONSTAz'dTS

TIMEI=O.00
SECH=3600.DO
SECO:24. 00*SECH

C GRID
C
C

CALL PLOT 10.1,0.1,3)
CALL PLOT (O.1,BLYN-0.1,2)
CALL PLOT tBLXI4O.BYH01Z
CALL PLOT fBLXH-O.lO.l,23
CALL PLOT (0.1,0.1,2)

C
C TITLE
C

CALL TITLE
C
C SCALE
C

CALL METERISCALE)
C
C READ THE DATA
C

10 CONTINUE
READI 51,END:SO )MONTHDAY.YEAR,MOUR,

$ MIN,SECS,LADEGLAIIIN,LASEGLOOEG,L09IIN,LOSEG



C
C COMPUTES THE UTM COORDINATES

CALL GPUTM( LADEGLAMINLASEG,LODEGLOMIN,LOSEGsYPOS XPOS)
C
C COMPUTES THE TIME IN SECS
C %

TIME2:SECD*FLOATI DAY ISECH*FLOArI HOUR 1+60. DO*FLOAT( MIN I.SECS
C
c COM~PUTES THE PLOTTER COORDINATES

XLT~I)(POS-X1.EFT )*SCALE*1O0.
YPLT=I YPOS-YLEFT )*SCALE*100.

c
C TESTE IF INSIDE AREA
C

IFIXPLT.LT.0.) GOTO 30
IF(YPLT.LT.O. 1 GOTO 30
IF(XPLT.GT.BLXH) GOTO 30
IF(YPLT.GT.SLYNI GOTO 30

C
C TESTS IF POSITIONS ARE AW4AY MORE THEN 10 SECS IN TIME
C

IF(TIMEZ-TIMEl.GT.1O.00) IPENm3
TIMEI1TIMEZ

C
C PLOTS THE POSITION
c N

CALL PLOTIXPLT,YPLT,IPEN)

C
C PLOTS THE TIME EVERY 0S MINUTES
C

ZFIMO(MIN05).GT.O.OR.IFIXISECS).GT.0) GO TO 10
VALUEaFL0AT( HOUR I*10O4FLOAT( MIN)
CALL N&fERt(PLTO.1,fPLT.0.15,0.25,VALUE,O.,-1I
CALL SYMBOLlXPLTYPLT,0.15,3p0. ,-1)
GOTO 10

C
C PEN UP WNILE THE POSITIONS ARE OUT OF THE SHEET

30 IPEN=3
GOTO 10

C
C END OF PLOT
C

50 CALL PLOTIO.,O.P.999) 3
STOP
END

C
SLSROUTINS METERI SCALE)

C
X0224.0
YOZ2.0
CALL PL0T(XOYO,-3)

C
DO 10 J21,12
XPa FLOATIJ)-l.0
CALL PLOT(XP,0.0.3)
CALL PLOT(<P,O.2S,2I

10 CONTINUE
C

DO 20 421,9
XP=FLOAT J J*O. 1
CALL PLOTiXP,O.O.3i
CALL PLOT(XP,0.2.ZI

20 CONTINUJE
C

CALL PLOT(O.,0.0,3)
CALL PLOTIII.,0.s2)

%I
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CALL PLOT(O.,O.Z,3)
CALL PLOT(11.,.Z,2)

C
VALUEal1./SCALE/100.
CALL NL4j5ER(-O.2SO.27,O.25,VALUE,0.O,-1)
CALL NI.*ER(O.950.27,O.25,0.OO.0,-11
VALUE =5.O/SCALE/100.
CALL NUMlsER.77,0.27,O.25,VALUE,0.O,-1)
VALUE=1O O/SCALE/100.
CALL NUMSERI10.7,O.27,O.25,VALUE,0O0,-1)
CALL SYMBOL5S.5,-O.5O,.25,6HMETERSO.O,6)

C
CALL SYMBOL(5.5,24.O,2.O,62,O.O,-l)
CALL SYIM2OLE 5.7,Z4.5vD.4,85,O.O,-l)
xO=-xO
YO=-YO
CALL PLOT(XOYOP-S)

C
RETURN
END

C
SUBROUTINE TITLE

C
XO 26.5
YO=43.0S
CALL PLOT(XOYO,-3)

C
CALL SYMBOLLOO.O,3.5,O.Z5,Z9H NAVAL POSTGRADUATE SCHOOL ,0.,29)

C
CALL SYMSOL(OO.O,3.OO.25,Z9HSEAFLOOR BENMARK EXPERIMENTO,29)

C
C

CALL SYMBOL(OO.O,2.5,O.25,29H PHASE 11 0O.129)
C

CALL SYMBOL(0O.O,2.0,O.Z5,29H R/V POINT SUR 10.1Z91

CALL SYMBOL(OO.0,1.5,O.25,29H 16/17 AUGUST 1986 90.,29)
C
C* CALL SYMBOL(0O.O,1.O,O.25PZ91H GESAR SOLUTIONS ,O.v29)

CALL SYMSOLIOO.O,1.O,O.Z5,29H T14100 10.129)

C* CALL SYMBOL(0O.0,1.0,O.2S4Z9H MINI RANGER FALCON 10.,29)
C

CALL SYMBOL(OO.O,O.,o0.ZS,29N ANTENNdA POSITIONS 10.,Z91

C* CALL SYMBOLtOO.O,O.5,O.Z5,29N TRANSDUCER POSITIONS ,0.129)
C
C

CALL SYMOL(GO.0,0.D,0.ZS*29H LCDR AUGUSTO EZEQUIEL 0O.,29)
C

CALL PLOT(-O.Z,-0.2,3)
CALL PLOTI-0.2,3.95,2)
CALL PLOT(7.S,3.q5,zI
CALL PLOT(7.5,-O.2,2)
CALL PLOrT(-O.2,-O.2p2)

C
xc. -xo
CALL PLOT(XOPYO,-3)

C
RETURN
END

C

SUBROUTINE GPUTTM( LAOEGLAMINLASEG,LOOEGLOMINLOSEG,NORTH,EAST)

DOUBLE PRECISION A,RNAP,BP,CPDP,EPwS,RlESQ,ESQPRMRP,KO



DOUBLE PRECISION RZ,R3,R4,R5,P,P2,P3,P4,P5,P6,A6,gS,SINSEC
DOU.BLE PRECISION PHI .DLAMoNORTH ,EAST ,B,PHIMIN,PI ,LON
REAL LASEGoLOSEG

C
C THIS SUBROUTINE COMPUTS THE UTfl COORDINATES OF GP IN 3'GS 72
C IN ZONE 10 CENTRAL MERIDIAN 123 00 00 W
C

CM:-123 .000
PHI:OFLOATI LADEG ).OPLOATI LAMIN )/60.00+OBLEI LASEG 1/3600.00
LON=OFLOAT( LODEG IeOFLOATI LOMIN i/60.00+OBLE( LOSEG 3/3600.00
LON=-LON
OLAM=l LON-CMI3*3600.000

C
A=6378135. 000
R=298.2Z600

C
KOzO.999600

C
B A*( R-l.00 1/F

C
N =(A-BI/(A+B1
AP A*I1.DO-)4.DO/4.00*(N**-N**3481.00/64.00*(N*41"-N**5)
SP 3.00/2.00*A*I(N-N*4*2),7.00/8.00*N**3-N**4).55.D0/64.0**4**5
CP z S.00/16.D0*A*IN*4*2-N**33.D0/4.00*(N**4-N*4*5fl
OP = 35.OO/48.D0*A*IN**3-N**4,11 .0O/16.0O*N*4*S)
EP =315.00/512.O*A*(N**4-N**53
PHIMIN =PHI*60 .00*2. 908882086660-4

C
PI=DARCOS3 -1.00)

C
PHI=PHI/180.00*Pl

C
S=AP*PHIMIN-BP*OSIN( 2.DO*PHI ),CP*OSINI 4.00*PHI)

$ - OP*OSIN(6.O0*PHI )+EP*OSINI8.00*PHI)
RI= KO4*S

C
SINSEC z 1.00/3600.D0)/180.00*PI
SINSEC=DSINI SINSEC)

C
ESQ =(A**2-B*-*Z)/A*4*2
ESQP =ESQ/tl.00-ESQ)
RM AO(l.00-ESQ/(DSQRT(l.00-ESQwOSIN(PHI)**2))**3

C
RP =RM*31.00+ESQP*OCOS( PHI 1**Zl
AZ =RP*OSINI PHI 1*DCOSI PHI 3*SINSEC**2/Z.DO*KO*1.008
R3 =STNSEC**4*RP4*OSIN( PHI )*DCOSI PHI )*3/24. 00*35. 0DO-TAN) PHI1*4*2
+ 9.0OOESQP*OCOS( PHI3**2.4. O0*ESQP*ESQP*OCOS( PHI3**43*4(*1.016

R4 zR9*DCOSt PhI)*SINSEC*KO*1.D4
RS SINSEC*4*3*RP*OCS(PHI1**3/6.00*3 1. 0-OTAN( PHI1*4*2

+ ESQP*DCOSIPHI)**Z)*1(0*1.012
C

P z.000100*DLAII
P2 =P**2
P3 xP4**3
P4 sP4**4
PS 2P**s
P6 9 P1**6

A6 s P6IISINSECW4*64*RP*OSINI PHI )*DCOS3 PHI1**/720.00
$ *(61.D0-58DO*TANI PHI)J**2.DTANI PHI3*4*4

$ 4270.OO*ESQP*OCODSIPHI )**2-330.D0*ESQP*OSINI PHI1**2)*4(0*1.024
85 z P5*SINSEC**5*RP*OCOS1PHI ,**5/12O0.*(500-18.00*TAN(PHI *4*2

+ 4 TANI PHI)**4,14.0*ESQP*DCOSi PHI *4*2
$ - 58.00*ESQP*OSINI PHI3*4*2)*3(0*1.020
NORTH:RlR2*P2,R3*P4,A6
EAST=(R4*PeRS*P3,BS 1.500000 .00
RETURN
END

//GO.PLOTPARM 00*



&PLOT )QIIN:0. ,XMAX:38. ,YMIZN:0.,YHAX:51. ,SCALE:1. ,UNITSZZ.54 SEND//GO.FTO6FOOl 00 SySoUTn* 5
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APPENDIX E
PROGRAM CVFICA. SOURCE LISTING

//JOSCVFI JOB (0812 99991,. EZEQUZEL' ,CLASS:C
//*MAIN ORG=NPGVl1 .0812P,LINES:( 99 ),CAROS-( 99)
//*FORMAT PROONA.$E:GO.FTO6F001,
//*FORfS=SEP1

// EXEC FORTVCLG
//FORT.SYSIN DO '

PROGRAM CVFICA
C AUTHOR: AUGUSTO EZEQUIEL
C DATE: MARCH 17, 1987
C
C DESCRIPTION:
C THIS PROGRAM CONVERTS THE FICA FILES INTO THE
C INPUT FORMAT OF THE KALMtI PROGRAM AND GIVES
C GENERAL INFORMATION ABOlUT THE DATA
C

DOUBLE PRECISION FPIISOO),TP,P,HO,RL1OFF,RLZOFF
DOUBLE PRECISION Q1,Q2,PICVOSK1,K31,K3ZTLDLLTLPLL
DOUBLE PRECISION PDBPC,POC,CN1(4,CN(4),CR1(4),CR2(4)
DOUBLE PRECISION OOP1(4),00P2(4),8LC,BPDC,SGR(4),SGRZtt.)
DOUBLE PRECISION SGDI( 4) ,SGOZC4) ,KZ K4,TT ,M,AGESQ
DOUBLE PRECISION TOCSAS(3IADC,CRSS,ONSMOS,CUCS,ES,CUSS
DOUBLE PRECISION SQAS ,TOES ,CICS ,OMEGS ,CISS ,IOG ,CRCS ,IS
DOUBLE PRECISION OLAT,DLOG,DHT
DOUBLE PRECISION DMEDSAEIDOTSpX,YZ,ROSL
REAL LASEC ,LOSEC ,SEC
INTEGER INTG(500 I,BLOCK ,TYPE,NCI ,NII,NFI ,LAMIN,LOMIN,LAOEG,LOOEG
INTEGER TRACER,MQVEL(4),ISATI4),INDEX,SAT,IWl40S,IEDATS,NSAT
INTEGER 1O,STDAY,MONTHYEAR,HOUR,MINOAY
INTEGER STAT(4)
CHARACTER*8 CHI 500) ,TITLE( 10)
C1ARACTER*5 BLK
LOGICAL SAVEFIRST

C
C SETS DEFAULT METEO DATA
C

DATA TP,PB,HO /15.,980.,7S./
C
C SETS THE PARAMETERS OF NGS72
C

DATA AG, ROBL /6378.135000,298.Z600/
C
C FLAG TO SAVE DATA ONLY WHEN THERE IS NAVIGATION DATA
C FOR ALL TRACERS 5

SAVEm. FALSE.

C FLAG TO SAVE INFORMtATION DATA AS TYPE 1 ONLY ON FIRST
C CASSETTE
C

FIRS~z.TRUE.
C 5

C ECCENTRICITY SQUARED OF REFERENCE ELLIPSOID
C

ESQx( 2.DO-(1.0O/ROBLI I/ROZL
C

C
C114O

Q2:120 .00
C2100

C COMPUTS THE VALUE OF P1 IN DOUBLE PRECISION

85
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C
c PEDOFRO LIGH .OO SEC

C
C SPED O LIGT (K/SEC

C
C:C,9 NOIA SAEL58FRQUNC

C
C ONLSATELTE REGENC

C
V ACLOOf COSAT2O3EUE0N6H GM CMUAIN

C

K 12f C/VOS ) *2
K31:tC/i Z .O0*PI*VOSWQ1) )-Z*
K32:( C/(2. DOOPI*VOS*QZ 3**

C
C
C

RLIOFFs-6O000.00
RLZOFF=7600.D0

C
C
C

M=4..DO
TLOLL=. 700
TLPLL=. 700
PDBPC=1OO .00
PDBC=100.00

C
C SETS THE FLAGS FOR NOT HAVING THE EPHEMIS DATA
C

00 3 1=1,4.
3 STATLi):o

C
C PRINTS OUT THE IDENTIFICATION OF THE PROGRAMt
C

WRITEC 6,Z)
2 FORMAT(I H1,/////////

8 w* OUTPUT OF THE PROGRAM CVFICA THAT CONVERTS *

8 ** THE FICA FILES TO A FORMAT READABLE BY THE *
8 /0, PROGRAM KALMt4Z

C

C READS THE TITLE FROM THE FILE AND CONTROL INFORMATION

READ( 31,5,ENDu2000 (TITLE
WRITE16,5) TITLE
REAOt 31,5,END=OU200)TITLE
WRITf(6i,S,ENDx2oOO) TITLE

s FORI4AT(IOAS)
REAOL 33.,M,EN~sZOOO) MONTH ,STDAY ,YEAR
KRITE(6,6) MDNTHSTOAY,YEAR

6 FORMAT( /// ,
8 DATE OF STARTING GPS WEEK (MONTH DAY YEAR) ',I3vI3*IS)

C
C INPUTS THE DATA FROM THE COMMtAND FILE
C

READ131,*,END:2Z000) NSAT9 K2) K'.
READ( 3!#*tENDs2ZoO) XYZ
WRITE(bol) NSAT,K2,K.,X,'fZ

1 FORMAT t' NUMBER OF TRACERS 110/
8RANGE SIGMA BIAS FACTOR .,E20,8t/,

S6
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DOPPLER SIGMA BIAS FACTOR oEzo.a,/,
ESTIMATE RECEIVER POSITION',/,

# ~X C0ORD*PFZO.6o/t
Y COORDvFZ0.f,/ ,
Z CORO' F20.6,/)

C

C** INPUT OF A FICA BLOCK

C

C READS THE CONTROL BLOCK INFORMATION
C
10 READ(S0,20#ENDOZOO0) BLK,BLOCK,NFI,NII,NCI
20 FORMAT(A.5,4151
C
C READS THE FLOATING PART DATA IF ANY
C

IF INFI.EQ.O) GOTO 35
REAOI5O,30oEND220O0) (FPIlIlIhIl)NFI)

30 FORJAT14020.16)
C
C READS THE INTEGER PART IF ANY
C
35 CONTINUE

IF INII.EQ.0) GOTO 45
READ(SO,40,ENO=20001 (INTG(IhI121,NII)

40 FORIIAT(611Z)
C
C READS CHARACTER PART DATA IF ANY
C
45 CONTINUAE

IF INCI.EQ.D) GOTO 55
READ) 50,50,END=2000) (CHrI ) ,ri~,NCI

s0 FORMAT(I0(Aa))
55 CONTINUE

IF (BLOCK.NE.61 GOTO 100

C** TRACING DATA

C

C USER EPOCH TIME OF PSEUDO RANGE
C

TT=FPI( 3)
C
C COMPUTES THE DATE
C

CALL 54.8)TT,DAY,HOUR,MIN,SEC)
DAY :OAY .STDAY

C
C IF NO EPHMERIS DATA AVOIDS COMPUJTATIONS
C

IF) .NOT.SAVE) GOTO 10
C
C Li CARRIER SIGNAL TO NOISE
c

CN1( 1 JPPIC4)
CN( 2 )sFPI(5)
CNI(3 ISFPI( 6)

C
C LZ CARRIER SIGNAL TO NOISE
C

CNZ( 1)=FPI(8)
CN2I 2i=PPI(9)
CNZ( 3 (=PI( 10)
CN2 4 )=FPIt 11)

C
C Li PSEUDO RANGE (KM IN PICA FILES CONVERTED TO SECONDS FOR KALMt42)
C

CR1( 1 1FPI( 12)/C

ta ~* 55 5 J .pa-. ... , ,S.



CR1 2 )*PPI( 13)/C
CR1) 3 )=FPI 14)/C

C
C L2 PSEUDO RANE tKPI IN FICA PILES CONVERTED To SECONDS FOR KALMNZ)
C

CR2) 1 )fpP( 161/C
CR2) 2 )=PI( 17)/C
CR2) 3 )zFPI( 18)/C
CR2 4 ):FPZ( 19)/C

C
C Ll CARRIER DOPLER PHASE

DOPI 1 )UFPI( 20)
DOPI) 2 )=PI( 21)
DOPlI 3 )=PPI)22)
OOPIt 4 )=PI) 23)

C
C 1.2 CARRIER DOPLER PHASE
C

D0P2()=)FPI( 24)
00PZ2)=F)2PI1 25)
00P2) 3 ):PI( 26)
00P2) 4 )=PI( 27)

C
C SV PRN OF EACH TRACER
C

ISA?()1 ZNTG~i 1
ISA? 1 2 1 =I)TGi 2)
ISAT 3 )=INTG) 3)
ISAT)4 )=INTG(4 I

c
C L1xL2 QUALITY FACTOR )TRACERPREQUENCY)

HQVEL) sINTG( 9)-INTG) 13)
MQVEL)=)INTG( 10 )-INTG( 14)
MQVEL( 3 )zNTG(l11)-INTG( 15)
MQVEL(4 ):INTG) 12 )-INTG( 16)

C
C IF ANY ERRORS FLAGS 'THE DATA OP THE SATELLITE
C

00 120 INDEX=1.,NSAT

C ERRORS IN SIGNAL

IF) MQVEL)INDEX).EQ.O) GOTO 114
MQVEL( INDEX )=15

Jl=8*INDEX
12=lZ+INDEX

HRITE1 6,110) tONTH,0AY ,YtAR.%OURMIN4,SEC PINDEXPINT91 11) ,INTG( 12)
110 FORMAT(I/ ,'*-u WARNING N*~-*AT

DATA FROM TRACER,
#IZP GESAR SAO STATUS 19ISpix,15)

C
MQV!LIINDEX )1S

C
C IF THE DATA IS ALREADY BAD ND NEED TO TEST THE SATELLITE
C

GOTO 120
C
C NON EXISTENT SATELITE DATA FOR THAT TRA'!R
C

114 CONTPIE
IF( STAT(INDEX).EQ.ISAT(INDEX)) G0 TO 120

C
C

NRITE(6i115J MONTH,OAY,YEARHOURdINSEC,INOEX,
# ISA?) INDEX) ,STAT) INDEX)

115 FORMAT U, * ~ WARNING *~ * ~* AT ,



TRACKING TRACER ,rzp, SV pr2p
a, EXISTING NAV DATA FOR SV ',12,' FLAGED BAD QUALITY DATA-
MQV!L ( INDEX I =15 p

120 COt4TII4JI
C a
C COMPUTS THE SIGMAS
C

00 150 INDEXcloNSAT
IF( MQVEL(INDEX).NE.OI GOTO 150

C CALULATELi AND LZ SIGMA RANGE
C

SLCzTLDLL

SGRI(INOEX):((BLCW4)/(10.**(CNIIINOEX)/10.1I)
* (.5*BPDC/(1O.**(CNI(INOEXI/10.))I+K2

SGRZ(INOEX)=((BLC*M)/t10..*ICNZIINDEX)/1. 1
4 I .5*BPDC/t10.**(CNZIINDEX)/10. )(K1,K2

CIS
C CALCULATE Li AND L2 SIGMA DOPPLER DATA
C

BLC=TLPLL
BPDC=PDBC
SCD(ilNDEX)=:UBLC4)/10.**(CN(INDEX)/1O. fl

tl.+~*( .5*BPDC/(1O. *(CN1(INDEX)/1O. ))))I%3l+K4
SGD2( INDEX ):( CLC*M)/( 10.**I CN2( INDEX 1/10.3)))

a Cl.,) .5*8PDC/t10.**ICN2IINOEX)/10. ))))*K32,K4
150 CONTINUE
C
C OUTPUT THE DATA TO THE FILE IF THERE IS NAV DATA
C

T'(PE=3
WRITE(7) TYPE
HRITE(7) TT, ISAT, CR1, CR2, OOPI, 00P2,

# SGR1, SGRZP SGO1, SGO2 MQVEL
C
C GO TO READ ANOTHER BLOCK
C

GOTO 1D
C
100 CONTINUE

IF (BLOCK.NE.1093 GOTO 200
*u * *4*~~ 4

C** NAVIGATION DATA (AS TRANSMITED) *

Cc

TRACER=INTG( 1)
SATzINTGL 2)

C
C GO TO READ ANOTHEFR BLOCK
C

GOTO 10
C
200 CONTINUE

IF IBLOCK.NE.9) GOTO 300
C

C** NAVIGATION DATA (DECODED SUSPRAMES I TO 31
,C*** ** **

C
C DAY OF WEEK
C

C** IWINOS=IAND(rI'4NOS,17775)
C
C SV HEALTH
C

IEDATS=DINT( FPII 9))
C

39

%'



C CLOCK EPOCH (GPS SECONDS OF WEEK)
C

ToCSzFPIt 13)
C
C CLOCK SIAS tSEC)
C

ASI 1 )sFPp 16)
C

C CLOCK DRIFT (SEC/SEC)
C

ASI Z)r-FPI[1 S)
C
C CLOCK DRIFT RATE (SEC/SECW*Z)
C

AS13) FP1( 4)
C
C AGE Of DATA ICLOCK) (IEC)
C

ADC=FPII 10
C
C RADIAL SINE CORRECTION IDIVIDED BY 1000. TO GET KM)
C

CRSSxFPIE 27)/1000.
C
C CORRECTION TO MEAN MOTION IRAOIANS/SECOWO$I
C

ONsSFP1 128)
C
C MEAN ANOMALY AT EPOCH (RADIANS)
C

HOS:FPII 29)
C
C IN TRACK COSINE AMPLITUDE (RADIANS)
C

CUCS:FPI( 30)~C
C ECCENTRICITY

C

C

C N TRACK SINE AMPLITUDE (RADIANS)
C

CUSSvFPI3Z) A C E
C
C SO, ARE R00T OF SIMI-MAJOR AXIS CON VERTED TO SQR Of KM

SQASzFPI( 33 )FPI(33 )
$OASaSOAS/IO000• O0

SQAS=DS)RT( SQAS)
C

C TIME OF EPOCH GPS SECONDS OF MEEK)
C

TOESaFPI (34)
C
C INCLINATION COSINE CO1RE CION (RADIANS)
C

CICSRFPI( 46)
C
C RIGHT ASCENSION NODE (RADIANS)
C

OEGSa P I T47)
C
C INCLINATION SINE CORRECTION (RADIANS)
C

CISSzFPI(a4)
C
C INCLINATION (RADIANS)

rOSZFPI( 49)
C

je c.-



C RADIAL COSINE ADJUSTMENT (OIVIDED BY 1000 TO GET KM
C

CRCSxFPI SO )/1000.
C
C ARGUIENT OF PERIGEE IRADIANS )
C

S=FPI( 51 )
C
C RIGHT ASCENSION OF ASCENDING NODE (TIME DERIVATIVE)
C I RADZANS/SEC)

OtIEDS:FPII 52)

C
C AGE OF DATA ISEC)
C

ADEzFPI( 26)
C
C INCLINATION TIME DERIVATIVE IRADIANS/SECONDS)
C

IDOTS=FPI 54)
C
C SETS THE FLAG FOR EXISTANCE OF NAV DATA FOR THIS SATELITTE
C

STAT( TRACER :SAT
C
C TESTS IF THERE IS ENOUGH NAV DATA
C

SAVEx. TRUE.
DO 210 INDEX=I,NSAT
IFISTAT[INDEX).EQ.D) SAVEr.FALSE.

210 CONTINUE
C
C OUTPUTS THE DATA
C

TYPEz,
NRITE(7) TYPE
WRITE(7) TRACERSAT,AS(I),AS(2)AS(3),CICS,CISS

)CRCS ,CRSS,CUCS ,CUSSSN,ES,IDOTS,ZDSMOS
sOMEDS OMEGS ,SQASPADE tTOCS, TOES, I4KNOS ,S

S,PIEDATSADC
C
C INFORMS THAT NAVIGATION DATA HAS RECEIVED FOR THIS SATELLITE
C
C

WRITE(62Z20) TRACER,SAT, MONTH,DAYYEARHOURoMINvSEC
220 FORMAT I t///, *

a, ** NAVIGATIONAL
# * DATA FROM TRACER ',IZ,' SV ,r3,' RECEIVED *',/,l

C
C PRINTS OUT THE WARNING WHEN THE HEALTH IS NOT GOOD

IF( FPI(9) .NE. 0.0 ) WRITE16,201) TRACER,SAT,FPI(9)

Z01 F0RMATI /////, '~*e** 4* ***** **
U, TRACER ',z3,' SV ',3,' HEALTH STATUS ,F1S.6. i

CC GO TO READ ANOTHER BLOCK

C

GOTO 10
C
300 CONTINUE

IF (BLOCK.NE.01) GOTO 400
C

C* BLOCK 1 PLUS INPUT DATA
C **~******** **H *H4********

C PRESSURE
C

91



PB=FPZ( 1)
C

C TEMPERATURE
C

TPFPII Z)
C
C HUMIDITY
C

HD=FPI( 3)
C
C TESTE FOR BAD WEATHER DATA. CHANGE TO STANDARD VALUES BAD DATA
C

IF (( PS .LT. 600. ) .OR. ( PB .GT. 1200. 1) P& 2 980.
IF 1( TP .LT. -99. ) OR. I TP .GT. .99. II TP a 15.
IF Ci HO .LT. 1. 3 .OR. I HD .GT. 100. ) HD 2 75.

C
C OUTPUTS THE DATA FOR THE FIRST TIME
C

IF(.NOT.FIRST) GOTO 10
C

TYPE :1
WRITE(7) TYPE
WRITE(7) RL.OFF,RLZOFF,PB,TPHD,X,Y,Z

C
C SETS THE FLAG
C

FIRSTs. FALSE.
C
C GO TO READ ANOTHER BLOCK
C

GOTO 10
C
400 CONTINUE

IF (BLOCK.NE.3) GOTO 460

C** GESAR SOLUTION

C
C SOLUTION USER EPOCH TIME
C

TT:FPI 2 )
C
C IF NO EPHMERIS DATA DOES NOT KEEP THE DATA
C

'F( .NOT.SAVE) GOTO 10
C
C COORDINATES OF RECEIVER
C

X:FPI( 3) -
Y:FP114)
Z:FPI( S)

CC COMPUTES THE DATA I

C
CALL SUB( TT ,DAY ,HOUR ,NIN ,SEC)
DAY *DAY .STDAY

C
C ONLY PRINTS POSITIONS IF LNCOMENTED
C

C RITE(6p4SO) MONTH,DAYYEAR,HOURMIN,SEC,X,Y,Z
4SO FORMIAT 1/, GESAR SOLUTION AT IMM DAY YYYY MH:Mf:SS.SSS)',

= ~2X,I2,IX,IZ,X,1,X,I,': ,12,*: ',F5. 2,
It/,' PSN COO RD X, Y, Z IKM) ',F14.3,' '9F14.3,' ',F14.31

C
C CONVERTS TO LATITUDE / LATITUDE / HT
C

CALL XYLLH(X ,Y,ZAG,ESQ,DLAT ,DLOGDHTPI)
C
C PRINTS THE RESULTS

-7."



C WRITE)6,455) DLATDLOGDHT
455 FORMAT(' LAT, LOIN, 1T (DEG, DEG, KM) ',2F17.lZ,ZXFl2.71

C
C CONVERTS LATITUDE TO DEGREES MINUTES AND SECONDS
C

CALL DMS OLAT,LADEG,LAHIN,LASEC)
C
C CONVERTS LONGITUDE TO DEGREES MINUTES AND SECONDS
C IN A RANGE 0 TO 180

IF (DLOG.GT180.00) DLOG=360.DO-DLOG
CALL DMS) OLOG,LODEGLOHIN,LOSEC)

C
C WRITEI6,456) LADEGLAIN,LASECLODEG,LOMIN,LOSEC

456 FORMATI' LAT, LON (DEG MIN SEC, DEG MIN SEG) ',Z(Z14,lX,F7.4),/)C

C OUTPUTS THE DATA TO A FILE
C

IRITE)8) ]ONTH,DAY,YEAR,HOUR,MINSEC,
U LADEGLA INLASEC,LODEGLOMINLOSEC P

C
C
C GO TO READ ANOTHER BLOCK
C

GOTO 10
C
460 CONTINUE

IF (OLOCK.NE.13) GOTO 470
C

C** TAPE HEADER/TRAILL, *.

C 
,C

WRITE) 6 ,(61)
461 FORMAT )/,X, '* . ....= .... =.*** *** ,/,

V 5X,** ' TAPE HEADER/TRAILOR **',/,

IF( INTGI1).EQ.1) WRITE (6,4621
IF( rNTG 1).EQ.Z) WRITE (6,o463)
IF( INTGII).EQ.4, WRITE 16,4641
IF( INTGI)1.EQ.8) WRITE 16,465)

462 FORMAT(' BEGINING OF DATA SET',/)
4o3 FORMAT(, END OF DATA SET',/)
4c4 FORMAT(' BEGINING OF CASSETTE',/)
4bS FORMATil END OF CASSETTE ',/)

WRITE( 6,466) INTGI Z) ,INTG( 3)
466 FORMATI' CASSETTE 'IS,' IN DATA SET',/,

V CASSETTE SEQUENCE NUMBER ',rs)
C
C GO TO READ ANOTHER BLOCK
C

GOTO 10
C
470 CONTINUE

IF (BLOCK.NE.11) GOTO 480
C

C IF NO EPI*ERIS DATA DOES NOT KEEP THE DATA SO NO NEED TO
C INFORM THE USER
C

IF) .NOT.SAVE) GOTO 10
C

C** RECEIVER ERROR BLOCK **

C
C

WRITE16,471) MONTH,0AY,YEAR,HOUR,MIN,SEC
471 FORMAT (/,' .H4**w************- 4** ,/,

#' *4 ERROR BLOCK RECEIVED AFTER

V 1,9X,ZIIZ,1X),1,ZXZ)I2,':',F.,8X,'r,/,

9)3
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C

472 FORMlAT(' ERROR LOG MESSAGE TrI CO FORMAT 2 .4 Id

U4 ERO O VRFO ON ./)

2 C8/

C ERRO LOG READLS ANOTHE BLOCK

C
GOTO 10

C
'40 CONTINUJE

IF IBLOCK.NE.81 GOTO 5OO

C IF NO EPHMERIS DATA DOES NOT KEEP THE DATA SO NO NEED TO
C INFORM THE USER
C

IF(.NOT.SAVE) GOTO 10
C

C** TRACKING CONFIGURATION

C
C COMPUTES THE DATE
C

CALL SA~fFprt 2)DAY,HOUR,MIN,SECI
DAY :DAY .STDAY

C
C

HRITE(6,4all MONTHDAY,YEAR,HO0UR,MINSEC
41 FORMAT I/.'

2 TRACKING CONFIGURATION AT

C

'..Z FORMAT(' PSEUOORANGE FTF OF \ALIDITY SEC ',EZZ.14.,
4 PREDETECTION BANONITHS HZ FREGUENCY,TRACER',/,
2 214EZO.14,/),/,

P TACKING LOOP BANONITHS HZ FREQUENCY,TRACER'.,
41 4) 42.14,/hI/,

4 LOOP ROLM4 TRIP CALIBRACION DELAYS IN SECONDS ',/p
INCLUDING PRE-ANTEr4A',/,' Li ',EZO.14,' L2 ',EZD.14,//,

3 LOOP ROUNDO TRIP CALIBRACION DELAYS IN SECONDS
I INTERNAL TO RFMP./o Li ',EZO.14,' LZ 1,EZO.14,//,

4 SV PRN ID OF EACH TRACER ',/,41l5,//,
2 .NTENA INICATOR/TRACER',/,4115,//,

4 CODE INDICATOR FLAGRACER,/,415,//)
C
C TEST! IF THE COt5TELATION MATCHtS THE EXISTING EPHMERIS
C DATA

DO 495 INIDEXx1,NSAT
IF(STATfIN0EX).EQ.INTG(INDEXII GO TO 495
WRITI(6,4QO I INOEX,STAT(INDEX),INTG( INDEX I

'.40 FORMAT(////,' ****04 0***W ARNING **~*~* * 4 ,/
2 ACTUAL NAVIGATIONAL DATA FOR TRACER ',12,' IS FROM SV ,oIZ,/p
8 TRACKING CONFIGURATION SHOWS SV ,1//

495 CONTINUJE
C
C GO TO READ ANOTHER BLOCK
C

GOTO 10
C
SOO CONTINUJE
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C* BLOCKS THAT THIS PROGRAM IS NOT PREPERED TO DECODE

C

WRITE(6,SO1 3
501 FOATI//,'H**N ** *** **W*4 ****,

# /, * FOUNO A BLOCK THAT THIS PROGRAM IS NOT

U /,' * ABLE TO DECODE . BLOCK DATA IS DUMPED NEXT w*',

NRITE(6,520) BLK,BLOCKNFINIINCI
IF (NFI.NE.0) NRITE(6,530) (FPIII),Iz1,NFI)
IF tNII.NE.O) HRITE16,40) IINTG[I),I=1,NII)
IF (NCI.NE.O)NRITEI6p55O) (CHI(I),IT=,NCI)

520 FORMAT( 1X,AS41S)
530 FORMAT( X,4EZO.IA
540 FORMATI1X,6112)
SSO FORMAT11X,10(A8))
C
C GO TO READ ANOTHER BLOCK
C

GOTO 10
C

C
C END OF PROGRAM
C

OO0 CONTINUE
STOP
END

C

C THIS SUBROUTINE WAS TAKEN FROM THE KALMN PROGRAM
C *************** ************
C

SUBROUTINE XYLLH
G ( X , Y , Z , AG , ESQ ,
R DLAT , DLOG , DHT,PI)

C THIS SUBROUTINE CONVERTS POSITION FROM THE EARTH-CENTERED CARTESIAN
C COORDINATE SYSTEM TO THE GEODETIC COORDINATE SYSTEM.
C X,Y,Z=ESTIMATE OF RECE1VER POSITION IN KM
C AG=SEMIMAJOR AXIS OF REF. ELLIPSOID(RADIUS OF EARTH) IN KM

C ESQzECCENTRICITY SQUARED OF REF. ELLIPSOID=(2.-1./OSLi/OL
C OLAT=GEOOETIC LATITUDE OF RECEIVER POSITION IN DEGREES
C DLOG=GEODETIC LONGITUDE OF RECEIVER POSITION IN DEGREES
C DHTzGEODETIC HEIGHT OF RECEIVER POSITION IN METERS
C PI VALUE OF PI COMPUTED IN DOUBLE PRECISION IN THE MAIN PROGRAM
C SINCE LATsLAT(X,Y,Z,LAT) AND HT=HT(XY,LAT), AN ITERATIVE PROCEDURE

C IS NECESSARY TO DETERMINE THE VALUES OF LATITUDE AND MT.

C THE ORKING EQUATIONS ARE AS FOLLOWSt
C HT=(R/COS(LAT) ]-AGI WHERE AGI=AG/(SQRT( 1-ESQ*SIN(LAT **))
C TAN( LOG)=Y/X
C TAN LAT )=( ( Z. ESQ*SIN( LAT )*AG1 )/R)
C

DOUBLE PRECISION LT , Ti LG , R , EP ,AG1
DOUBLE PRECISION X , , Z ,AG , ESQ . OLAT , OLOG DHT .

C
C FIND LONGITUDE

LG 2 DATAN2(Y,X)
IF (LB .LT. 0.00) LG 2 LG * (2. " PI)
R20$RT( X**ZY**Z)

C
C A FIRST GUESS FOR LATITUDE HOULD BE ATANZ/R)

LT1:DATANi Z/R)
C
C SOLVE FOR LATITUDE BY ITERATIONS

DO 10 1=1,5
AGI=AG/(DSQRT 1.DO-ESQ*DSINfL"L 2
LT:DATANIZ*IESQ.*DSNIL1 ,,*,',
EP:DABSI LT-LT1
IFIEP.LE. .OOoCOOOoo , GC-:
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LTI a LT
10 COP(TI?4J

5 A61~sAg/(DSQRT( 100-ESQ*OSIN( LTIi)*2

C FIND HEIGHT
ONTaC IR/DCOSILT))-AG1R

C CONVERT OLAT AND CLOG FROM RADIANS TO DEGREES
DLAT=LT*16O .00/Pt
DLOGzLG*la . DO/P
RETURN
END

C
C::
C THIS SUBROUTINE CONVERTS DECIMAL DEGREES IN DEGREES MINUTES SECONDS

C
SLRUCE041DCDGI SC

CURUIEOSDEPDG"~SC
DOCEPEIINDC*ROI

COBEPEIIN ENMXI
*14055 E
XLJOEADNTEC I)
LDIINT NU * -DLAILOSIO.0
MINzDINE FL0T(0E4l*N.)
*1.Iul NXMINLA(MN))6 0
SECUSaXNGE )04J N)1)O.
IF (SLEG.E.36) LELE-
RFETURN .61 O~zDG-6
ETND

C

C

SUBROUTINE 59*1 TT .AY ,H"U PMIN,SEC)
INTEGER DAY, HOUP MIN
DOUBLE PRECISION TIME ITT
REAL SEC
TIMEuTT
DAY a DINTATIME / (24.00*3600.001)
TIME a TIME - OFLOATI DAY) * 24.00 * 3600.00
HOUR a OINTITIIIE / 3600.00)
TIME a TIME - OFLOATE HOUR) 1 3600.00
MIN a OINTATIPE / 60.00)
TIME a TIME - DFLOATAMINI 60.00
SEC a SNGLETIJE)
RETURN
END

//GD.TO6FOO1 D0 SYS OUTU
I/GO. FTO7FOO1 D0 DSN.M5S. SO1Z .CVFICA. OUTPUT ,DISPSNR
//GO. PT0sFO0 0 D O SNS .502. GESAR .P05 ,DISPSR
//00. FT31FOOl 0 D SNIBS .30812. CVDATA ,DISP"SNR
I/GO. FTSOFOO1 D0 OSNU#6.50812.SPS.TAPESDATAI DL26S~hDISPSHR

DO VSNIBS. 0812. PS. TAPES. DATA IDL24) DISP514R
//0D 0SNUIS.S612.PS.TAPES.OATA( DL286 ).DISPSMR

0 O D OSN 6.50812.GPS.TAPES.DATA(LZ7)DISPoSNR
// 00 DSMSS.50812.GPS.TAPES.DATAI DLZM),DISPaSNRI
// ~ 0 DO SNSS.50812.GPS.TAPES.OATA( DL289 I DISPSR
// D0 OSNBM.SOIZ.GPS.TAPES.OATAi OLZ9O) ODISPUSNR
//0 DO DSMS.SO81.GPS.TAPES.DATAtL29I),DISPSNR
// D0 DSNEISS.50812.GPS.TAPES.ATA( 0L292 ),DISP514f
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APPENDIX F

PROGRAM TRANSDUC GPS. SOURCE LISTING

//JOSTRANS JOB (0812,9999), 'EZESlUIEL' ,CLASSC
//*MAIN ORGNPGWMI. O1ZP , LINES" (99 ),CAROSs( 99)
//*FORNAT PRDDNAMEaGO. FTO6FOO1,
//*FORMSzSEPl
// EXEC FORTVCLG
//FORT.SYSIN DO
C
C PROGRAM TRANSOUC GPS
C
C AUTHOR: AUGUSTO EZEQUIEL
C DATE: MARCH 30, 1987
C
C DESCRIPTION:
C
C THIS PROGRAMS TAKES EACH POSITION OF THE ANTENNA,
C THE COMPUTED COURSE I FILTERED OR NOT ) ,THE PITCH
C AND ROLL DATA, AND COMPUTES THE POSITIONS OF THE
C TRANSDUCER, APLYING THE SEVEN PARAMETER TRANSFORMATION
C TO THE OFFSETS OF THE TRANSDUCER IN RELATION TO THE ANTENNA
C CONSIDERED THE CENTER OF COORDINATE SYSTEM AND THEN ADDING
C THE CORRECTIONS TO THE COORDINATES.
C
C THE PROGRAM RUNS IN IYS
C
C 1/0 SPECIFICATIONS: SEE END OF THIS JOB.
C
C THIS PROGRAM IS RESTRICT AS IS TO THE SEAFLOOR BENCHMARK
C EXPERIMENT
C
C THE PROGRAM WILL RUN WITH ANY AMOUNT OF DATA ONLY LIMITED TO DISK
C SPACE
C
C ANY &LANK LINES HILL TERINATE THE PROGRAM IN ERROR
C
C
C

DOUBLE PRECISION XPOSYPOSTIME1,TIlEZTIME,SECD ,SECHRATE
DOUBLE PRECISION TINE4, TIMES
DOUBLE PRECISION TTOLATDLOG,DHT,X,Y,Z
REAL COURSE ,PITCHI 2 J PROLL( 2) ,SECII 2 ) ,SECZ ,PIT ,ROLSEC3( 2)
REAL DX,DY,DZ,OFFXOFFYOFFZHEADI Z),LASES,LOSG
INTEGER MONTHI(2),OAYI(Z),YEAR1E( ),oI1(2), ,N1N11
INTEGER MONTHE ,DAY2 ,YEAR2 ,NoUR2 ,MINZ
INTEGER MONTHSI 2 ,DAYS 12) ,YEAR3I 2) ,HOUt312 3 ,MIN3( 23
INTEGER LADEGLAMIN,LOOEGLOqIN, STDAY , NBAT
CHARACTERE TZTLE( 10)

C
C INITIALIZATION OF CONSTANTS
C

SECHS3600.O0
SEOst4. OUSECH

C
OFFXE-4. 2"
OFFYG-2. 955
OFFZS-9. 502

C
C READS THE TITLE FROM THE FILE

READ( 30,S,END00 )TITLE
NRITE(6,5 TITLE
READI 30,S,ENOlu00 TITLE
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HhIT2t(.S) TITLE
S P031*? I 10*8)

11*5130 .*,8H48100 IMhI!,SDYER
WEIlTl A A) MOMI,STDAY ,YEAR

6 PONMAT///,
* 0 DATE OF STARTINGJ WP WEEK (MUN DAY YEAR) I o3,I3,1SI

C READS TWO SITS OF PITCH AN FALL DATA
C

RUAE51MEU~1@3 ONYlI13,1DAYIII),YEMRI 1 3,HOUIJI ,"M I1,
31C1 1) PIPITC141 )ROLLI 1)

TINIOLOATI OAYIh 1 3 3uUC0*DLOAT( HOMI 1 JISCH
* . BLOATIIINU1L)3u40.DO.OSLEISEClI1))

C

*SICI(I I PITCHI2) 9ROLLI 2
TIHE2uDPLOATf DAYI t2I 1UUCDOWLOATO HO~ll 23 lUSICN

# . FLOATIIII4h233U60.DO4SLE(SICI233I
C
C MEANS TWO SETS OP C01.18
C

READI 52 ENDU1DO 3 HOWNS(I 3 *DAYS(I I3 ,YEARS( 1,14HU131 PNZI 13
41 Sacs, 1) PHIAD01I

TIN1UUVLOATI DAYS I 13 3IEECD+DOPLATI NURSI 13 3UECN
41 + OFLOAT(IN I I 1 l64.9SO4,SlI Sl 13

C
REAOIS,6*1001 MONTS& I UYS( I.YARS Z ,LSI ),112).

TINES10OFLOATI DAYS( a I )USECD*GFLOATI ""Sit 2)UCH
# * DLOATININIZ3340.DO.OW.iSECSI2II

C
C MEANS ONE POSITION OF THE SNIP
C

20 READIUOENulOO3 TT , X PYPZ* DLAT P OLDS P OT 9 NUAT
C
C COMPUTES THE DATE
C

CALL SIRETTvDAY2PlNWR2,MIN2.SECZ 3
CAYZnDAY2*STDAY

C
C CONVERTS LATIT1.01 TO DEGREES MINUJTES AN SICS
C

CALL USE SLAT .LADE6LANvNL*SE#
C
C CONVERTI LUSZTW To Damn11 HimJus us mcom
C IN A RANK0 0 TO 10

IF EDL.04T.10.0411 SLa~s4.DO-OLOS
C

CALL UNSDLDS.LOMPgLUW~LOGE1
C
C ISITUl A2* LADIG, LAMULM PLOS LONIHLO92
C 24 POUMAT(' LAT, L0N141 M SICP DID H$) Slft.221*,XvP7.*3.,/l
C

TINKSaOOLOATI DAT NIECOWLOATI OWEt 10SECH
o FOTNNIA.OOLEE2

C
c POST1 Di TINS h1TPEII THE TWID UTS Of PITCH AND ROLL DATA
C MS THE TWO SETS Of CWl DATA

25 cofm
C
C POSITION TO EARLY P0 PITCH AM MOLL DATA
C

IFITtIU.N.TI1.) 60 TO 40
WRIT1169301 H0NTHEDAYtpYlARt.H0WtpHIN2.81Cl

10 POONATI' PON 8* l,E.1,8,L1,*1x,lx, I2xl,lXP*.1.
$* REJECTED. NO PITCH AND MOLL DATA'l

wroT 20
C
C POSITION TO EARLY PON PITCH AND ROLL DATA
C
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II TIMES. 0. TZU41 s0 TO 60
101711640l) MDNTNZ,@AYpYAZJURZ.NINZSlCt

50 POUlMTl PON S .l2,1X.U.1lX.I4p,1.Z,lX.,1xP*.1,
I REAECTED. No CoURS DATA)

C
C POSITION LATER THANE THE SECOND SET OF PITCH AD MOLL DATA
C

40 CONTI~pI
ZITINEI.LE.TIM12) SOTO 70

C
C HOVES THE PITCH AD MOLL DATA TO THE FIRST SIT
C

0AY11 I ISAY11 2
YEANIE1 EYEAR11 3)

MOUII 10 U0I4 9 1

SEC(I *CI[ Z)
PITCNI 1)sPITCHI 8
NOWL UROLLI 2 1
TIIwTIIEI

C
C IEADS A SECON SET OF PITCH AD ROLL DATA
C

AlAOIS1,e,10N6100) WH()SYIYARI)NWI)D1()
0 SECI ) .PITCNI I POLLI I

TIMEZUOPLOATf DAYIt 13 UECD.OFLOAT, NORl 2) MIUCH
+ 0FDLOATMIW41(aI.DOSLESfC1E ,)

90TO Is
C
C
C POSITION LATER THNM THE SECOND SIT OF CORE DATA
C

70 CONTINSUE
IF( Times.Lt.TIME$) SOTO so

C
C MOVES THE COUJR1E DATA TO THE FIRST SIT
C

MONTUSlI taffNTHEa ZI
DAYS(I 1 aDAYS4 a I
YEARS(I 1 aVEA11SI I)
WOLESII o.WDLJRI Ii
MINsi I)UMims( 11

C
C READS A SECOND SET OP PITCH AM ROLL DATA
C

REA04 5t I11806) MONfl~l a) PDAYS1 2) .'YuAN3 2 POi a Iummn8 &MINSe a).

TDUSOFLGATI GAYSII I HMSCD*IWLGATI HSDE I a)1 )SCH
* DLATINDIS,)W%.0.G* SlaC3Ia,

C
C POSITION ITIN THE TWO SETS IN TIME
C

00 RtATEUG TDU3-T116)/I TI~-TII
PITuPITCH4I 3*EPITCHI a 1-PITC14 I 1 oRATI
RO.LLl 1 )of ROLLI a I-ROLLE 11 3 RATE
RAT~Efa TtHES-TW* 1/1 TZMES-TIHE4 I
CO&mSInEAIM 11I.E NEWSI -NEAD(I 11*00AT

C
C COMUTS THE COREWCTIONS AMD THE POSITIONS OF THE TRAHURIA

* C
CALL PTWEOPFXOPPYOPFZ,COIJRS oPIT ROL,DXpDY*DZI

C
C COMUTIS THE UTH COOINATES

99



C
CALL IPUIftLAOESLANLASESLOOES LCIUNLOSES YPOS .)WOS I

C
)WOSxaWOS#OX

C
C COWV1ITS SACK TO GP

CALL UVPI YPS,XaS a LACES LAMIN .LASEO.LOOEU .LOMNLES

C OUTPUTS THE RESJLT
C

HEX?!I7) MONTH tPOAyZ.YEARZ ,NOlWZ .MNISECZp
C LAOEOLANNLASES ,LOSE.LWUN. LOSESAT

C HEITEI(6p") NMTS .AYS .YEARS A,S.PUS C2
C 4 LANEG, LAMMNLASE. .LONGS.LHN ,LOSG.AT

90 POSIAT(I X.tI2),1.Z*2I XIZ I.1X&F.lp.1.ZI (IX.IZ.1XP7.43.I3I

C
C MasSo W INEPSTN

C

100 cCNTDI.E
STOP
Doe

C
c WMUTII PYNI MOPP YO PF,CUMgEPITCNOLL .UK,WV ,SZ

C THIS UAOUVIH COPUTES THE COWuECTIONS To THE
C COOUOINATES OUE TO THE OPSIT Of AOTENA IN 09LATION
C TO THE TAMUIN
C

PIA~COSI-1.01
MOLL RNOLLNHEL100.
PITCHFZITCMHI/j60.
count sCOWSE.Pt/180.

C
C CHEAIM SIGNAL Of OROISIAL DATA TO HATCH THE *IGHT HM
C SYSTEMq COIWICTION
C

ROLL-NOLL
C

COSPIs COSI ROLL)
SINP0418 SIN4 MOLL)
COSs CO~l CJUIm
SIM a lINI CamE I
Come. CalI PITCH I
SIHE SMN PITCH)I

C
OX a HOFF *CommH UcoW

* OF VOP COIN SIM SINN 0SFHI 0CUK I #
* WPU1 SDUUSI3M COGH 0SIMeHI *COBW

C
myOV u aa~i HOF sW SI (-..

* OF 1 CMOCOK- S mI0SINHI 0SIM I.#
* W UU USIM 0COINK 0COS 0SIPHI*SIMII

C
02*morp ShIWI -

* OFUSI SINH COSPW
* ZOPUBI coo" COWPHI

RITUR1
END

C
C
C

SUWIIR SPUTRILADES ,LANIN, LASSO ,LOOGESLOMIN, LOSES .NORNEAST I
C

DOUSLE PuECISION APit H#APPPCP ,0P PIP *,R1 E1US *18P PMPP KO

-UA -'Lk LAIL mo

N w j**i' ** ~ ~ ~ ** -



NISLE PIECISICN1.34l,,2PP,5P.sUSiE
DOLE PRECISIOS PHI .SLANNOH EAST .pWpNIM.pI,LCON
REAL LAS90 vLOSIG

c
c THIS SSLIW CCUWSr THE UMH COMMINATES OF OP IN S1 ?2
C IN MW10 COMTAL ,URISAN 120000 N
C

PHI NDFWOTI LASSO J#OfIOATf LNIIN W/O. 0DSLEjI LASES 1/3600. 00
L03USFLOAT I LOSES ).OfLOTl LoNIN /40. 00OSLE I LOSES 1/3400. 00
Lome-LoW
OLAlIa LOW-Clq 1056M0.000

C
AS43 78135.000

KOmo. 99%0
c

11 a £6ia-1.0L#S

CP

CP a 15.00/120.A N02-11033S%0014lhS3

PHImI a Pw4104.00*2. 106S G3544-4
c

PI o0AcasI -1.5003
C

11SI a G'S s .01uo~w

21mNe aI 1.0/40.0 I /8.36

ISO3 aIN/( 1. 00-13631
ANq a £01 1.00-136 3/l 51374 . OIS~nuSSNPill 360s 33603

c
MP Isnoa -~ 01. SO. IUC0S PHI loo2 I
Ott a NP6OSNI PI oSPll laom PI IeSCola. 301001.0of
Its a SIHEECo66PUSSIN4 PHI 10OCOSI PHIww Dow14.0*5 00 D-OTANI PHI 602

* * 9. C004S3PN0C051 PHima 360. .oosoEUPUeIIUC moPmHI 364 aOM1 .014
34 8 040CC64 PHI 16ZUUECNK0l .04

35*SINSUCUOIW6SCOSPHI 10/4.Sot 1. DO-4TAON PI 3Mot
* * ESPNOCOSI Pill 302 36301.0 12

C
P a.00106SL
Pa a post
P3 a Pool

pe a pass
P6 a P005

"4 a -505ICSPUSIN4 Pi l POO oll IM to DO5/20
* 64 169-114.005ANI PHI 1001*OTANO PI 364

* # 273. 0"0WScIl PIl 3002-330. 006EIIP605INE PHI )**2 3.3001.0246
ISa POSMECOOAUOS1 Pill )06/120.0001. 00-18. 11OOTAPH PHI 3NO#

* . TMN Pi lomoo 364.4 foSollimPOCOo PHI look
0 *551OO9SPOSINI pHI look23630*1.020

**5Tai 040p45P3*4 I0500060. 00

IN@

UWASJIIE UIMWI HEY EAST.*LACES, LAMING LASES* LOUSI *LWIILOUI
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C
DOLUISE PRECISION A,R,*NgBP SPCP.PPEP PS94R1ESE1SQP,fMRP,K0
DOWLE PRECISION R7,RPR9,ES,0,QQ3,00.0504.D4AP,SIN8EC
OOLSLE PRECISION RiO ,DLAM .NORTH ,EAST ,RPHZ ,DPHI .PPHIN
DOLE PRECISION 1PRIMEPKDLTAP0,D4MCMPPNI ,LONPI
REAL LASEO,LOSEO

C
C THIS sUWOUT: .1 COMPUT5 THE UTH COORDINATES OF OP IN HOS 72
C IN ZONE 10 CENTRAL MERIDIAN 123 00 00 N
C

C~s-123 .000

£u43 76135.000
RUt 98. 2400

C
K080.t9%900

C
PIaODARCSI -1.00O)

C

CP 8 1.5.00/14. 00*A01N 112-030.00/.000 NK44-HNbS 33
OP a 35. D/4. 00*A* N3-N4.11 .00/14. DOWlOeS
EP a 3S.OO4/512.00h.IN1404-040051

C
C FIRST ADROXIMIION OF PHI
C

PHI OMTH/.SOO6/340. 00
C
C COWU TRUE MERIDIONAL DIST AND ADAWWMNTE PHI
C

00 100 181.6
PHIHINBPHI60.2o. 9o088209-4
0*HI0DH/180 0UP
5 aAPODMIUN4DUOSINI 2. DOwWPI WPCDOINI . DONIPH11

4 -0OsINE 4. -ORH 000113 #1p6oS4 -. 0ofuWMZI
111 a K05S
DELTANNORTH-41
P#41sEDELTA/50.6/3600. )+PHI

100 CONTIMJE
UDHISaDHI/155 . DUI

C
C

SINSIC a 1.0306/16SuP
SINSIC a 06116 NSIEC)

C

R" s £40 1.- 00-94 W/ OW!T (I.000006111I41 loft)3 03
C

RD a P .0.UPSOEWl .
R~ul SINH Wil/f2.1061Po2*WSIHACl l ot 1. DO.ESSPNOCOSARPHI lost)

Met STAN IPHI I 16. OOUIDOU6oSIC ) lot S. 00. OCOTNERHI 1.t
* .. OUSPOCOSI loot 0.-6. DOOISOPOOSINI NPMI lost-3. 0003 Slipme

* UPCI aml A064-9. OO66USOPOCOst owil 30.tuomm RDHI )"I2I
* 1. 024^00*

11981. SOsCS W"I 1/I 11OSINSEC 101. 06^0K
R10ml . 00/O3CGI Wil I . 6D. 0oft~oSINIC lot 1. 00*. .OuOTAMH MI 102

* *EMPSOCOSI "I mot )*I. 016i^Ooo5
C

EP1136 UEAST-500000 .00
0 a .00000 1DO09PRZI6

45 a04-3
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D6NMU160TANE RPM!)
06810~M I/I 720. DO*RP*S6INSEC )*(61.00*.90.ONDTAN( RPM! JN2
*.45.0DTANI RPM! 3u*.107. 0*ESQP*0C0SE RPM! J**2
* -162. 00.SSPOSINE RPM! I*Z2-45. 00*ESQP*TAIRPM! )**2
* IhNE RPW! Wot 1*1. 036KO*6
15aE 5..DO/OCOSI RPNI Il/i120. DORP5WSSINSEC)*WI5.00.26.00

S* MTANI RPM! ).w2.24 . OONTANE RPM! I**4.6. D0*ESQP*OCOSI RPM! 3**2
* .. 0O.ESQPwOS!NI RPM!I*2 1*1.0D3O.KOw*5

C
0PMI -1 7u2+.15.6-06 3/3600.D0
0LANuI R9"-R1OUGS.ES /360.00
PHISPH14OPHI
LONvCM.DLAM
CALL OMSE PM!,LADESLAMqNLASEO 3
CALL OKIELON ,LOOES ,LOIN, LOSES)
RETURN.
END

C
SUBROUTINE OMSIDEC,LDES 1M!N9SEC)

c
DOUBLE PUECISION DEC ,)NUHjGIN

C
XNIUzOABSI DEC)

X@I!NaE *431-DFL0ATI LOIS I160. DO
MIN=OINTI *IIN
*EIMEXIN-DFLOATE MINI 1.60 .00
SEC UINS&LI )0M)
If ILDEG.0E.3601 LDEGuLDEG-360
RETURN
END

c
SUBOUTINE SIRE TTv0AYvl@*,NINvSlC 3
INTEGER DAY, M0IRP MIN
DOUBLE PRECISION TINE ,TT
REAL SEC
TIMEaTT
DAY 2 OINT(TIME / 124.0005600.001)
TIME a TIME - DFLOATIDAY) * 24.00 * 3600.00
HOUR a DINT(TIKE / 3600.00)
TIME v TIN4E - OFLOAT(MHOU 3600.00
MN a DINTE TIME / 60.00)
TIME a TIME - DPLOAT(MIN) N60.00

SE C v SHOLITINE)
RETURN
END

//SO.FT04P0O1 D0 SYSOUTan
//GO. PT07FOO1 00 DSNIWS 1012. DP. TRANSOUC. PO0 1SPSNR
i/GO. PT3OFOO1 00 DSN2SS.SO612.CVOATAvOISPwSN
i/GO. FTSOFOO1 D 0 4-115.10612.DPI. ANTENNA .POS ,DISPBSN
//GO. FTSIFOOI 00 0SNNSSS0G12.PlTROLL,.OISPwSHR
i/GO. FTSZFOO 0 DOS DW S1061Z.SOAS. COURSE ,DISPwSNR



APPENDIX G
PROGRAM COMPARE POSITION. SOURCE LISTING

//JOBCOI4PA JOB (8Z , 9999),'EZEIEL',CLASSsC
//*MAIN ORGONP1V1. 0812P,LINESU( 99),CARSU !99)
//*FORIAT PR,ODNA/EuGO. FTOFOO1,
//WDESTONPBACH
/1 EXEC FORTVCLG
//FORT.SYSIN DO 
C
C PROGRAM COMPARE POSITION
C
C AUTHOR: AUGUSTO EZEGUIEL
C DATE: MARCH 27, 1967
C
C DESCRIPTION:
C
C THIS PROGRAMS TAKES EACH PS POSITION , FINDS THE
C CORRESPONDING POSITION USING THE MR FALCON# COMPUTES THE
C X, Y AND RADIAL DIFFERENCES AND PRINTS THE DATE TIME TAG
C GEOGRAPHIC POSITIONS AND DIFFERENCES. THIS PROGRAM READS
C THE PERIODS TO COMPARE THE DATA FROM A SEPARATE FILE.
C
C THE PROGRAM RUNS IN NVS
C
C I/O SPECIFICATIONS: SEE END OF THIS JOB.
C
C THIS PROGRAM IS RESTRICT AS IS TO THE SEAFLOOR SENCHMARK
C EXPERIMENT
C
C THE PROGRAM HILL RUN WITH ANY AMOUNT OF DATA ONLY LIMITED TO DISK
C SPACE
C
C ANY BLANU LINES HILL TERMINATE THE PROGRAM IN ERROR
C
C
C

DOUBLE PRECISION XPOS( 3 ) ,YPOSI 3) ,TIME( S) ,SECD ,SECH ,RATE
DOUBLE PRECISION DIFX,DIFY,DISTXNE,YNE
REAL SECtS),LASEG3),LOSEGi3)
INTEGER MONTH(S),DAY(S),YEAR(S)HOUR(SIZN(S),NSAT
INTEGER LADEG( 3),LA/IINI 3 ),LOOEG( 3 ),LOMIN( $iLINE,LOOP, INDEX

C
C INITIALIZATION OF CONSTANTS
C

SECH.3600. DO
SECOZ8. DOUSECH
OIFXaO.O
DIFY8O.0
OISTO.O

C
C INPUTS THE NUMIER OF PERIODS TO COMPARE THE DATA
C

READI Z3,',END800 ) LOOP
C
C LOOP OF THE PROGRAM TO THE NUMIER OF TIMES DESIRED
C

DO 1000 INDEX a 1, LOOP
C

LINE .40
REIND 30)
REMIND( SO I

C
READI Z.OEND"100) iONTH(4),DAY14IYEARI 4),HOURtI I MIN(*hSEC( I
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0 MONISIDAYISI,YEAR(5),NOUR(5),MIN(S),SEC(S)
C
C STARTING TIME
C

TIE('.)UDFLDAT(DAY(4))*SECD.DFLOAT(NOUR(4) )*SECH
+ * FLOAT(MIN(4))*6O.DO.DBLE(SEC(4))

C
C ENDING TIME
C

TIHEE S )DFLOAT( DAY(S1) )SECDOFLOAT( HOUR5) )wSECH
+ . FLOATIMIN(5))*6.0.OODLE(SEC(S)I

C
C READS TWO MR FALCON POSITIONS
C

10 READ(30PENO=1OO) MONHI),DAYE1),YEAR(1),HOURII),MIN(1),SEC(1),
* LADEGtL),LAMIN(1),LASEGII),LOOEGIl),LOMIN(I),LOSEGII)

TIHEf 1)zDFLOAT( DAY 1) )*SECD.DFLOAT( HOUR 1) )*SECH
+ OFLOATMIN()J*60.0OOSLE(SEC(1))

C
C POSITIONS THE FIRST POSITION INSIDE THE PERIOD. THE REST, OF THE
C PROGRAM WILL ADJUST DY IT SELF
C

IF( TIME(11.LT.TIME!'.) ) 60 TO 10
C
C

READ(30ENDal00) MONTN(Z),DAY(2),YEAR(2),HOUR2),HIN(2),SEC(21,
* ~LADEC(2 )LANIN( 2),LASEGI 2) .LOOEG( 2),LOMIIN( 2 )LOSEG! 2)

TIMEf 2)xOFLOATI DAY! 2 3))SECDDFLOAT( MOURn 3) )SECH
+ . FLOAT(MINf))*60.00.DBLE(SECt2)j

C
C COMPUTES THE UTh COORDINATES
C

CALL GPUrMI LADEGf 1),LAIIIN( 1),LASEG( 1).LOOEGI ),LONIN( 1).LOSEG( I),
$ YPOSI 1) XPOS( 1) 1

CALL GPUT(LADE(2)LAIINIZ,LASEG(2),LOOEG(2),LONIN(2),LOSEG(2),
* YPOS(2)vXPOSI2))

C
C READS CPS POSITION OF THE SHIP
C

20 READISOENDsI001 OWNT(fIDAY3),YEAR3),HOIMR31,MIN(31,SEC3,
s LADEGI 3 )LAMIN 3 )PLASEG 3 ),LOOEGI 3).LOMINI 3 ,LOSEG! 3) ,t6AT

CALL GPUTHE LADEG 3 ),LAMIN( 3 )LASEG( 3 )LOOEG 3 ),LOHqIN( 3)LOSEG! 33,
* YPOS(3)PXPOS(3))

C
TIIMf 3 )uFLOAT!DAYE 31) SECD.DFLOATU4OUJRI33 JUSECH4

s + DFLOAT(MIN( 3) )*60D.0SLEE SECE 3)
C
C POSITION OUTSIDE OF THE PERIOD
C PROGRAM WILL PICKC ANOTHER PERIOD
C

If( TIMU(3.6T.TIPEIS) ) GO TO 1000
C
C POSITION IN TIME BETWEEN THE maO MR FALCON POSITIONS
C

23 CONTIME
C
C POS TION TO EARLY FOR MR FALCON DATA
C

IF(TXM[(3.GE.TIMfE 1 00 TO 4.0
C* MRITEI4643O I ONHI3),DAYI 3),YEARI3),30A13)MINI3 ),SEC(3)
C* 30 FORIATI' OPS PS 9 ,12,1XIZ,1X,I'.,1X.12,1X.12.1X,F'..1,
Cu S 'REJECTED. NO NE FALCON DATA')

QOTO to
C
C POSITION LATER THAN THE SECOND MR FALCON POSITION

4.0 CONTINUIE
IFITIME(31.LE.TIME12)) COT0 70

C
C MOWS5 THE SECOND Mgt FALCON POSITION TO THE FIRST SET
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C
MONTHlOHf4( 2 1
DAY 1 13 UAY 2 3
YEAftI I 3YEARI 2)
HOUR(I)3UHOUR ( 2

SEC12)*SEC[2)
TIME(1)aTIMEI2J
LADEGI 1 uLADEGI 2
LAMINI IaLAMINIZ2
LASEG(I 3LASECl 23
YPOS( 1 3YPOSI 2)
LODEGI 1 3LODE0I 2)
LCMINI 1 3LGNZNI 23
LOSEG(I 3LO5EGIZ2
XPOSI 1)aXPOS( 23

C
C READS A SECOND SET OF MR FALCON DATA
C

READI30,ENDu1003 MONTN(23,DAY(2),YEAR(23,HOUR(23,M1N123,SECIZ),
s LADEG(I3,LAMIN(2) ,LASEG(t LOOEGI2) ,LINIZ23 LOSEG( 23
TZMR( Z 3OFLOAT( DAY(I SECDDFLOAT( HOUt 23)*SECI4

s + DFLOkAT(INN1)*60.00,OSLEISECI233
CALL GPUTME LADEGI 23,LAINI 23,LASEG( 2 3LOOEG( 2 3LOM!N(I 3LOSEG( 23,

$ YP06123,XPOSI2)3

C GPS POSITION WITHIN THE TWO0 MR FALCON POSITIONS
C

70 RATEm(I ZE( 33-TIMEI 13 /ITIMEE 2 -TIE( 133
C

XNEW=XPOSI 1),(XPOS 2 )-XPOS( 13 JRATE
YNE34YPOS( 1 3,1YPOS( 2 -YPOSL 1 3 *RATE

C
DZFX=XPOSI 3 3-)G34
DIPYmYPOS 3 )-YNEN
O!STaDSQRTI DIFX*02.OZFY**2 3

C
C OUTPUTS THE RESULT
C
C

IF (LXNE.LT.60) 00 TO SS
WRITE1698O 3

SO FORMATE 1H1F/,17X, 'DIFFERENCES BETWEEN CPS AND MR FALCON POSITIONS'
S ,//,Z9X,'AYOXOINra SVIV'
S ,//,4X,0DATE',6X#'TIME*#09X,*LATITUDE*,7X,*LCNCZTUDE',
* 12X,INMETERS3,p9,S',p/,2Xp,MpVX,01X,YEAR'PlX,'HV
S lX,'MMflXSS.SPZXPD00,1X,ptl, XSS.SSSS,3X0OD,1'X,
S 'MPlx.ss.ssss,5sx,~OXSX,'DYPSXDIST.,1X.,'SAT.',/3

LINExO
65 LINEOLINE*1

OI'RITEE(.9O3 MONT3,AY(3,YEAR3,HOUR(33,IN(33,SEC(33,
* LADEGI33,LAINI3 3LASEGo(33,L00E6133,L011N1,L05EG(33,

s D!VXiPDIFYPDISTNSAT

$ ' N*P1X#13,1Xp12,1X#F7.4#' IC 1XF6.2,1X,FS.2,1X,F7.2,lX,12 3
C
C READS ONE MORE POSITION

0070 20
C
C END OF PROGRAM
C

1000 CONTINUE
100 CONTINUJE

STOP
ENO

C
C

SUBROUTINE GPUTMI LADEG, LAMIN ,LASEGLODEG ,LOMIN .LOSEG ,NRT3I,EAST)
C
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DOLBLE PRECISION AR,NAPRP P,CPPEPSRlESQESQPRMRPPKO
DOUBLE PRECISION R2,R3,R4,a5,P,P2,P3,P4P,P 6,A6,85,SINSEC
DOUBLE PRECISION PHI ,OLAMNORTHEAST ,BPHININPILON
INTEGER LAOEG,LMINPLODEG),LOMIN
REAL LASEt2.LOSEG

C
C THIS SWOROUTINE COMP(JTS THE UTh COORDINATES OF GP IN WGS 7Z
C IN ZONE 10 CENTRAL MERIDIAN 123 00 00 H
C

CM-123.O00
PHIZOFLOATE LADEG3.DFLOAT( LAMIN)/60.O0.OSLE( LASEG)/3600.00
LONUOFLOATI LODEG 3.DFLOAT( LOMIN )/60 . DO.OLE (LOSEG )/3600 .00
L0Nz-LON
OLAM=( LON-CM 3*3600.000

C
A=6378133. 000
R2298. 2600

C
KObO. 999600

C
9 AML R-1.003/ft

C
N ( A-S)/IA+S)
AP = A*((1.00-N345.D0/4.00*IN**Z-N*13),81.00/64.00W(Ni**4-N**5)3
BP z3.00/2.OOIIA*( IN-N**2 ),7.D0/.DON**3-?N* 3+55.0O/64.001*4**5)
CP = 15.00/16.00*A*(NN*2-N**3+3.00/4.OO*(N**-N*5 33
OP x 35.0O/48.00*A*(N**3-N*N411.00/16.0Ot4**S)
EP a315.DO/S12.00*A*(N1*4-N**S)
PHIMIN zPHI*60.D0*Z.908882086660-4

PIzDARCOS( -1.00)
C

PHIZPHZI80. DOwPI

S z AP*PMIMIN-BP*OSINt 2.00*PNI ).CP*DSINt4.00*PNI)
S - OP*OSIN(6.0O*PHI ),EP*OSINI8.O0*PHI)
Rl x KO*S

C
SrNSEC x(1.00/3600.DO3/180.00*Pl
SINSEC=DSIN(SINSEC)

C
ESQ z (A**2-S3**Z3/A**Z
ESQP z ES/(1.00-ESQ)
RM r A*( 1. 00-ESQ 3/I SQRT(1. 00-ESQ*OSIN( PHI 3*112) *11

RtP z Rti*I1. DOESQP*DCOSI PHI )*2
RZ RP*OSIN( PHI 3*OCOS( PHI)*SINSEC**2/2 . OONKO*1 .008

R3aSINSEC**4*RP*OSINI PHI 3*OCOS( PHI 3113/24. 00*15. DO-OTANI PHI 31*2
S + 9. D0*ESQP#DC0S( PHI 3*12.4. 0OESRP*ESGP*OCOSI PHI 3*4 )WKO*1 .016

R4 x RP*OCOS( PHI 3*SINSEC*KO*1 .04
RS x SINSECu*3*RP*OCOSI PHI 3*13/6. 00*( 1. 00-OTANI PHI )*11Z

+ ES4P*DCOS( PHI 3*12 3*(*1 .012
C

P 3.OOO1001DLAH

P2 a P11*2
P3 a P*u3
P4 z P1*4

P6 a P1116

A6 a P6NSINSEC*16*RP*OSIN( PHI 3WCOS( PHI 3*11/720.00
S * (61.00-58. 0011TAI( PHI 3*112.TANI PHI 11*4

S + 270.00O1ESQP11COSI PHI 3*12-330. 00*ESQP11DSZN( PHI 3**1123141. 024
BS x P5*SINSEC**11RP*DC0S( PHI 31*/120. 00*15.00-18. OO*OTAN( PHI 31111

* *OTANI PHI 3*4414. DO1ESQP11OCOSI PHI 3*2
* 8.00*ESGP*OSIN( PHI 3*112314(011.020

NORTHSRXR211P2 R3*P4*Ab
EASTaI R4iP+R5*P3#85 3.500000.0
RETURN

END
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ENID

'/Go-FT06Fool Do SYSOUTB*
//GO. FT25FOo1 00 OSNSII 5SSO812.PERIO0S.COIIARE,OZSPZSHR
//GO.FT30F001 00 OSH3SS.SS2.FALCOTR OUCPOpDSOa"R//GO. FTSOFOOI 00 DSNU#IS.S0812.GPS. TRANSOUC POS,DISP*iSHR
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APPENDIX H

PROGRAM COMPARE PLOT. SOURCE LISTING

//EZEQUIEL JOB (0812,9999), EZEQUIEL ,CLASSSC
// EXEC FRTVCLGP

//FORT.SYSIN 00
C
C PROGRAM COMPARE PLOT
C
C RUNIS IN FORTRAN VS
C
C AUTHOR: AUGUSTO EZEGUIEL
C
C DATE :31 MARCH 1967
C
C THIS PROGRAM lMES A PLOT OF THE POSITIONS OF THE SHIP
C USING BPS AND MIR FALCON POSITIONS Of THE TRANSDUCER
C
C

DOUBLE PRECISION XPOS ,YPOS ,XLEFT ,YLEFTTIIE (43 PSECO ,SECN
REAL SEC( 3 )XPLT,YPLTSLXHBLYHSCALEVALUELASEGLOSES
REAL YORGPXORG
INTIGER IIONH(3),YEARI3 3,DAY(3 J,HOU(33,111t13)
INTEGER IPENPLADEGPLANINLODEG,LOMIN
INTEGER IOPLOOPINOEX

C
C DIMENSIONS OF SHEET, LEFT CORNER AND SCALES
C

SLX~a1S.
BLYHz2O.5
SCALE u1./5000.
XORG2O.0
YORG-25.0

C
C INITIALIZATION OF CONSTANTS
C

TIMEf4)aO.DO
SECHu3600 .00
SECD224. O0*SECH

C PLOTTER INITIALIZATION

CALL PLOTS (0,0,0
C
C READS THE AMIOUNT OF PERIODS TO COMPARE
C

REA0130) LOOP
C

00 100 INDEXu1,LOOP
C
C READS THE PERIODS AND INFERIOR LEFT CORNER OF EACH AREA
C

READ(30,*) MOKT(),DAY(1,YEAR(1f,HOUJR(13,MIN(13,SEC(l)
* MONH(23,.DAY(23,YEARE),HOUR(Z),MIN(),SECIZ),o XLEFTYLEFT

C
C STARTING TIME

TIME!I I ImFLOATI DAV 1) )*SECD4DFLOATI HOUR 1) )*SECH
s + DFLOATIMINIl)I*60.DO.0BLE(SEC(l))

C
C ENDING TIME

C10
TINEE 2 )2FLOAT( DAYI 2) ).SECO.OFLOATI HOURE 21 *SECH

$ OFLOAT(MIN(2))*60.D00*DLE(SEC(2l)
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C
C POSITIONS THE PEN IN THE ORIGIN
C

YOPGS-YOQ
XORmZ5.O.I 1-I-i )**INDEXl/2
IF(INOEX.EQ.Zi XRG90
CALL PLOT (XORG,YORG-3)

C
C GRID
C

CALL PLOT 10.1,0.1*3)
CALL PLOT (O.laBLYH-0.192)
CALL PLOT ISLXH-O.1,BLYH-O.1,2I
CALL PLOT (SLXN-O.1,0.1921
CALL PLOT 10.1*0.1*23

C
C SCALE
C

CALL NETER(SCALE)

C TITLE
C

CALL SYMBOL(O.1,19.Zo0.2Z2$4SAFL0OR BENCHMAK EXERIHENTo. ,293
C

CALL SYMBOL08.1,18.8,0.20,29H PHASE 11 1O.929)
C

CALL SYP'OL(OL1,18.4,O.20v29H 16 AUGUST 19" ,0.,210)
C

CALL SYMSOLtOS.1,16.O,0.20,Z94AVOIDINS SVIl. NO CONSTRAIN .0.,29)
C

CALL SYMUOLIO1.0,03.375,O.1S,3,O.,-1)
CALL SYNSOL11.20*03.3,0.15,29NNR FALCON TRANDUXER POSITIONSPO.,29)

C
CALL SYB0L0.0,O.075,O.153,11,0.,-11
CALL SYU'OLI.2,03.0i,0.1SZ9NGPS TRANDUCER POSITIONS 10.129)

C
C SETS SYMBOL FOR MINI RANGER POSITIONS
C

ISMUs
C
C REWINDS THE FILES
C

REHINOI 31 3
REWINOI32)

C
C LOOP FOR THE TYPES Of POSITION
C

00680 10=31,32
C
C SETS PEN UP
C

IPENUS
C
C LOOP WITHIN ONE TYPE OF POSITION
C

10 CONTINUE
C
C RAD THE DATA
C

READh IO ,END850 )MONTH( 33 1,OAY 3 1,YEARI 3)1 ,HDR( 3),9
*MIN(3),EC(3)LADEG,LANINLASEGLODEGLOMINLOSEO

C
C COMPUJTES THE UTM CORDINATES
C

CALL GPUTU LASEG LANIN ,LASEG ,LODEGLOIIIN, LOSES ,YPOS ,XPOS)

C tc"lPIJtES E Time I% SECS

TIME( 3 )uFLOAT( DAYI 3 3)*SECOOFLOAT( HDUR(3) )*SECM
* OFLOAT1MIN(3flW40.00.OSLElSEC(3))
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C
C TESTS If ZTN~ THE PfRIOD
C

CIF (T D S1 . y. lT p g I Z)) 0 0 1 0 5

C COMUTS T"PLOTIOCOOEOINATES
C

XPLTuI X!POS-XLET )0SCALjeIoo.
C YPLTu( YPOS-YLEPFT)*SCALEM100.

C TEST! IF INSIDE AMEA
C

IFIXPLT.LT.O. 0070 30
IPEYPL.LT.O.) 001030S
IFtXPLT.Gy.SLX)0g 0T0 30

C AA MW1 3 ThEN 10 M IN TIM

C
C PLOTS T4E POSITION

CALL PLOT( XPLT .YPLT ,XPEWN
IPENUI

C
C PLOTS THE TIME EVERY MII4JTC

mZFIXgStC,3)) II 03 go TO 10VAL~UP~LOSTg H*mfl3 3)*100.PLOAyi Itf 3 1)CALL NUO~(PLT4O.SYPLT.3OU0UVALUIIO.P
CALL. SYWEL1XPLToYPLTO 1515MG 0-,-1)
C010 10

C
C PEN UP NNILE THE POSITIONS AME OUT OF TNE SWEETC

30 xPeNes

C

C END OP PLOT
C

IPRNW3
so CONTINUjE

100 CONTINUE
CALL PLOTlo.,g. ,,9")STOP

END
C

C mDkouin MU1I( SCALE I

YOiN1.0
CALL PLOTIMOyo,.g,

C
DO 10 J01,12
XP* FL0ATIJ)-.0.
CALL PL0TIXPPO.OSl
CALL PLOr0XP,0.t5,

1 J
C 10 CONTINUE

00 to 431,9
XPuVLOAT, 4 3P. 1
CALL PLOTIXp,0.093,
CALL PLOT(XP,O.2.23
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to Cuwrvau
C

CALL PLOIG.00.6.31
CALL. PLOTI it. A0 - SI
CA"L PLOTIO.,00.3.1
CALL PLOTI 11.. ,23

C

CALLEU/AEl0
CALL 16.36131 -0.85,0.,.5VLE0.-
CALL 1311.,.701,.,..1
VALLE US. 0/CALE1/10.
CALL NhaghII.7,0.27.0.15.VALAS&.0.0-1I
CALfLal.4AE1.

C
CALL SY101001..1S4,..1
CALL SVUL1..*4,.~5@0-~

Yoe-ya
CALL PL0TMD,YO,-3 I

C

C
C

SAM617D sPumW LAUO.LAMIZN.UUSLIM~O.LoNZNLOU6 T11,EsT i

DOUSLI PRECISION £3l aNtAP 99P PC,*9 .04.111 vM96.uu Mpw .KO
DOUBL.1 PRECISION as.pits P" p 01,101 fps P,S~p .5VA6 " PUIC
W.SLS PhhCISION PH! .SUAN.NOTN .AST .LPWZMNP! .L0.
MAL LAS P LUO

C TH4IS S8all17Dm CommJY Tile um1 COOOZNATIS OF op IN ma 73
C IN WE 10 CENTAL HM~AN 123 00 00 N1
C

CHi-23 .000
PWIODPLOATE LASSO I.FLOATI LAMI W"4. 30@ULEE LASES 1/3400.30o
L.OWLOATI LOSES 3.OLO£Tl LOMU 3/"0.00*4.14LOSES /300.
LONa-LON
OLMUI LON-CM .5400. 00

C
£4376135. 00
112294. 60

C
KOO. 999600

C

C

Pap 3.-06/a. DW *NMI 3.7.00om. 0004 MNI.34104 I... 0/64. D0W0@S I

Ep a 35. DO/M1. 00434 NUb4-000
p:gIJ a 51183. 00.9611180164o-4

C
PISSID -130

C
lowep"Umm0Dow

C
5 a APNIJN4PUI1p 3.3009HZ I.CPaMSII 4. 009P1I I

31 a KONG
C

SISEC a 31.-00/3400.503/180.00091
SINSIC asup" SfIC I

C

a3 130/I 1.00-236)
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op a *PC 1. sofeUP'sSCi PHI loot I
112 a a6UsRI il e PHI lolSIPH SUMC0/l. -00001 .006
as a UNMOCUUIPOSIN PHI J4O0=1 PHI .0314.00.45 SO-STAmf PHI loot
** 9.IeowSp'oomf PHI loo**.4- coSomESp4IS4omi PI! ee4 ROs1 .1

FA0 woocoal PI NOItUC0'1 .0.6
4S a SIIUCiw.IWOCOU PlO! Pol/6i. OWN 1. US-STAWl PI P01
* * ES2e4cOSI PHI 0loot 1 Wo.Dl2

PS * Pe
P4 aP*0*
Pg a Peel

"4 a PG*SIHSUCUU6*9VwSSIP PKI WSCUSI PHl WW5#790 . S0
S 0 1. D0-U. SOUTAH PI )002OTAN( PHI loft
S * 270. 0002SSPUOCOSI PHI WOl-SIC.- OOUESS1PuSIH1 PHI )001 b4Km1. .094

US a PUI.SINUECOOSAPOOCOS( PHI P0USJ20. 0004 5. DO- t. OGSTAHU PH11 a
*1 * TA14 PH*I 1.6414. SOISISPOCA111 PHI 1*0
I -U. S 1oUESPUSIN PHI foot wool. .010o

EASTal MOP+RAWPS*5 1.500000. 00
RITUN

//OPLOTPAUI SO0
SPLOT IMililO. PASs300. .Y1 1111m. WNAXOSI. o$CALal. .tDETSbO asM

//US.PT04P001 SO SVSWT.
I/US. PSOPO0l SO osSNWs. $0"it. PERIODS. COMA" DIWSHIe
/,'00. PTI1FSO1 S0OSSNwUS. 0612. PALCON. TRMUOLC P06S9OISPW"I
//O. FTSlPSO1 SO 0SIPIU. S0612. CPS. TRANSM.POS.ISPSNI



APPENDIX I

CONTROL FILE FOR KALMN2 PROGRAM. AS DEFINED BY
BROS,. N(1986)

585590. 700000. 1 6 10 4 1 1 0 0 0
0 -2740.506 -4341.136 3772.0820 .873811 0.0 -3.0 0.0

6375.135 298.26
1.0 1.0 1.0 1.1-12 2.1 1.E-14 1.1-50 1.1-50 1.1-S0 3.0 4.0 5.0

1 0 1 0 0 0 0 1 0 0
0.000005 0.0

1 1 0 0 0 0 1 0 1
980. 15. 75. 10.
0.75[-4 .751-4 .7S1-4 .11-4 1.0 1.0 1.0 2.0 .11-03 .11-04
1.0 1.0 1.0 1.0 1.0 1.0 1.1-19 1.1-19 1.1-19

- .031
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APPENDIX J
CONTROL FILE FOR CVFICA PROGRAM.

The first two lines may have a title up to 80 columns. The third line has the

month day and %ear of the starting day of the GPS week. The fourth line has the

number of satellites to be used. and other two constants are kept at zero. The iast ine

has the estimate position in WGS -2 coordinates.

The next is the one used for this thesis:

SEAFLOOR BENCH MARK PHASE If

R V POINT SUR 16 AUGUST 1986

8 10 1986

4 0. 0.
-"39 58 -4340."7 3773.14

ItS A
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APPENDIX K
CONTROL FILE FOR COMPARE POSITION AND PLOT PROGRAMS

The first lines has the number of periods to compare the data. This line must be
followed by the same number of Lines as periods are to compare. Each line the date
ume tags from the start and of the periods has the left inferior corner of the area
corresponding to each period.

The next is the one used for this thesis:

II
3 16 1986 19 14 0.0 8 16 1986 19 20 3.0 567320.0 4038400.0
8 16 1986 19 200.0 8 16 1986 19 25 3.0 566920.0 4039000.0
8 16 1986 19 25 0.0 8 16 1986 19 30 3.0 566670.0 4039600.0
8 16 1986 19 30) 0.0 8 16 1986 19 35 3.0 5662"0.0 4040200.0

8 16 1986 19 35 0.0 8 16 1986 19 40 3.0 566020.0 4040800.0
S 16 1986 19 4.' 0.0 8 16 1986 19 53 3.0 564920.0 4040950.0

9 16 19S6 19 5" 0.0 8 16 1986 20 05 3.0 564970.0 4040200.0
8 16 1986 20 07 0.0 8 16 1986 20 13 3.0 565570.0 4039500.0
S 16 1986 20 13 0.0 8 16 1986 20 20 3.0 566020.0 4039000.0

S 16 1936 20 20 0.0 8 16 1986 20 25 3.0 566420.0 4038500.0
S 16 1986 20 30 00 S 16 1986 20 37 3.0 565985.0 4038400.0
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